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(57) Abstract: The invention concerns a method for microencapsulation of an active principle by coacervation which consists in 
controlled desolvation or coacervation of a polymer dissolved in an organic solvent containing said active principle, said coacervation 
being induced by adding a non-solvent causing the polymer to be deposited at the surface of the active principle, and by hardening the 
polymer deposit by adding a hardening agent, said hardening being leading to the formation of a continuous film coating the active 
principle. The invention is characterised in that the solvent is selected among ethyl acetate, N-methylpyrrolidone, methylethylacetone 
and acetic acid. The non-solvent is advantageously an alcohol comprising two to five carbon atoms and the hardening agent being 
for instance selected among water, alcohols comprising four carbon atoms and mixtures thereof. 

(57) Abrege: La presente invention concerne un precede" de microencapsulation d'un principe actif par coacervation qui consiste 
en la desolvatation menagee ou coacervation d'un polymere dissous dans un solvant organique contenant ledit principe actif, ladite 
coacervation etant induite par addition d'un non-sol vant et se traduisant par le de*p6t du polymere a la surface du principe actif, et 
en le durcissement du depot de polymere par ajout d'un agent durcisseur, ledit durcissement se traduisant par la formation d'un 
film continu enrobant le principe actif, caracterise en ce que le solvant est choisi parmi 1' acetate d'ethyle, la N-m^thylpyrrolidone, 
la methyle*thylcetone et 1'acide acetique. Le non-solvant est avantageusement un alcool comprenant deux a 5 atomes de carbone et 
1' agent durcisseur est par exemple choisi parmi Teau, les al cools comprenant un a 4 atomes de carbone et leurs melanges. 
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« Procede d'encapsulation de matieres actives par coacervatton de 
polymeres en solvant organique n n-chlore» 

La presente invention concerne un procede de microencapsulation d'un 
5 principe actif par coacervation, utilise notamment pour preparer des formes 
galeniques a liberation prolongee. 

Les techniques de microencapsulation sont classiquement utilisees pour 
separer des substances chimiques incornpatibles, convertir des liquides en 
poudres, amelir-er la biodisponibilite de principes actifs, masquer le gout ou 
10 Todeur desagreable de certains composes et preparer des formes galeniques a 
liberation prolongee. 

Les formes galeniques a liberation prolongee sont susceptibies d'etre 
administrees par voie sous-cutanee ou intramusculaire, et de se retrouver 
directement dans le flux sanguin ou a proximite de I'organe a traiter si bien que 
15 les polymeres biodegradables sont souvent choisis pour entrer dans leur 
composition. 

Les systemes a liberation prolongee a base de polymeres biodegradables 
peuvent etre administres par la voie parenteral, sans retrait par intervention 
chirurgicale, puisque les polymeres biodegradables se transformed dans 

20 I'organisme en metabolites elimines par les voies naturelles. Le principe actif est 
libere, suivant une cinetique modulee par la diffusion du principe actif et le 
processus de degradation du polymere. De plus, ('observance du patient est 
amelioree du fait d'une administration moins frequente. 

Parmi les polymeres biodegradables d'emploi frequent dans 

25 T encapsulation de principes actifs figurent les poiy(a-hydroxy-acides), 
notamment les polymeres d'acide lactique (PLA) et les polymeres d'acides 
lactique et glycolique (PLAGA), la poly-e-caprolactone, les polyorthoesters 
comme Chronomer^ et Alzamer®, les polyanhydrides, notamment le copolymere 
d'acide sebacique et de (carboxyphenoxy)propane, les polypeptides et les 

30 polymeres naturels biodegradables, comme Palbumine, la serum albumine 
bovine, le collagene et le chitosane. 

II existe deux grands types de techniques de microencapsulation : 
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- les techniques sans soivant, comme le spray-congealing, I'extrusion 
(coextrusion/spheronisation), la gelification, le prilling et la 
precipitation de solutions supercritiques (RESS), et 

- les techniques avec solvants, comme la nebulisation, la coacervation, 
5 Temulsion-evaporation, I'emulsion-extraction, avec leurs varianles a 

partir d'emulsions doubles eau/huile/eau. 
Le contact prolonge des formes galeniques a liberation prolongee avec un 
milieu aqueux justifie I'emploi de polymeres a caractere plus ou moins 
hydrophobe, done principalement solubles dans un milieu organique. Li^ 
10 polymeres biodegradables a la base de systemes a liberation controlee sont 
cependant faiblement solubles dans les solvants de faible toxicite potentielle 
(solvants de classe 3 selon la norme ICH). 

C'est pourquoi, les techniques classiques de microencapsulation 
(coacervation, emulsion-evaporation) emploient essentiellement des solvants 
15 chlores comme le dichloromethane (soivant de classe 2 selon la norme ICH, i.e. 
solvant a limiter) comme soivant du polymere. Or c'est un soivant chlore connu 
pour sa neurotoxicite. Le taux residuel de dichloromethane autorise dans le 
produit fini est de 600 ppm selon la norme ICH4. 

Quelle que soit la technique de microencapsulation employee, les 
20 microparticules obtenues renferment des quantites de solvants residuelles. II 
apparait done necessaire de developper de nouvelles methodes de 
microencapsulation ne faisant pas appel aux solvants chlores. Deux solutions 
majeures se presentent pour resoudre ce probleme. 

Une solution permettant de realiser I'encapsulation sans solvants chlores 
25 repose sur des methodes ne mettant en oeuvre aucun soivant, mais certains 
polymeres ne peuvent pas etre mis en oeuvre selon ces methodes. En outre, les 
proprietes des particules obtenues par ces methodes ne correspondent pas 
forcement aux exigences d'un traitement a long terme. 

Une autre solution consiste a substituer les solvants chlores par des 
30 solvants non toxiques. Les methodes de microencapsulation qui utilisent des 
solvants chlores ont ete largement etudiees et les facteurs de variation sont 
connus. Cependant, la substitution des solvants chlores par des solvants non 
chlores modifient les interactions physico-chimiques entre les differents 
composants d la formulation. Le comportement des polym * res biodegradables 
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dans les solvants de substitution est tres different de celui dans les solvants 
chlores. Ainsi, ie poly(L-lactide) et le polyp, L-lactide) sont insoiubles dans 
I'acetate d'ethyle ou I'acetone et aucun polymere n'est soluble dans I'alcool 
ethylique, qui est pourtant un solvant de predilection puisqu'il est faiblement 
5 toxique. 

La presente invention propose un procede de microencapsulation par 
coacervation qui n'utilise aucun solvant chlore. Plus precisement I'invention 
concerne un procede de coacervation par ajout de non-solvant. La coacervation 
par ajout de non-solvant requiert Tusage de trois solvants miscibles ; un de ces 
10 trois solvants est solvant du polymere et les deux autres sont non-solvants du 
polymere. 

Le principe de la coacervation repose sur la desolvatation menagee d'un 
polymere dissous dans un solvant organique contenant un principe actif 
generalement sous forme particulaire, induit par addition d'un non-solvant ou 

15 agent de coacervation du polymere. La solubilite du polymere dans le solvant 
organique est abaissee et il se forme deux phases non miscibles : le coacervat 
se depose progressivement a la surface du principe actif. L'ajout d'un durcisseur 
permet la formation d'un film continu de polymere autour du principe actif. 

Les particules de principe actif peuvent etre liquides ou solides. Le 

20 principe actif peut egalement etre initialement dissous dans le solvant du 
polymere. II reprecipite alors sous forme particulaire lorsque Ton ajoute I'agent de 
coacervation, ou peut former une solution solide homogene dans les particules 
de polymere issues de la coacervation. 

L'etude des interactions polymere/solvant/agent de coacervation, pour 

25 chaque association, permet de realiser un diagramme de phases de fa?on a 
defmir le rapport ideal polymere/solvant/agent de coacervation necessaire a une 
encapsulation efficace. Cependant, il est difficile de predire I'encapsulation d'un 
principe actif, car les proprietes interfaciales, en rapport avec les interactions 
moleculaires entre le polymere, le solvant et I'agent de coacervation, changent 

30 constamment avec la composition du coacervat (Thomassin C, Merkle H.P., 
Gander B.A., Physico-chemical parameters governing protein microencapsulation 
into biodegradable polyester by coacervation, Int. J. Pharm, 1997, 147, 173-186). 

Le probleme majeur de la technique de coacervation est ['agglomeration 
possible de particules. Pour tenter de le resoudre, des auteurs ont propose de 
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reduire la temperature du systeme, essentiellement a I'etape de durcissement 
Les parois sont alors suffisamment solides pour eviter I'adhesion. Des solutions 
telles que I'emploi de chloro-fluoro-carbones (CFC) ou I'abaissement de la 
temperature ne sont pas transposables a I'echelle industrielle. En revanche, 
5 I'emploi d'huile de silicone est capable de stabiliser le systeme grace., a sa 
viscosite (Ruiz J.M., Tissier B., Benoit J. P., Microencapsulation of peptide : a 
study of the phase separation of poly(D,L-Iactic acid-co-glycolic acid)copolymers 
50/50 by silicone oil, Int. J. Phaim, 1989, 49, 69-77). 



10 residuels reste une technique de choix pour ('encapsulation de principes actifs 
fragiles, et surtout de principes actifs hydrosolubles, en milieu non aqueux. 

Le choix des associations solvant/agent de coacervation/durcisseur est 
guide par divers criteres : 

le solvant doit solubiliser le polymere ; on prefere qu'il ne solubilise pas le 
15 principe actif, bien que le procede reste toujours utilisable avec un principe 



actif soluble dans le solvant du polymere. 

I'agent de coacervation doit etre miscible au solvant du polymere. II ne doit 
pas etre solvant du polymere, car sinon cela reviendrait a un simple transfer! 
du polymere du solvant vers I'agent de coacervation. De plus, il ne doit pas 



le durcisseur doit etre partiellement miscible au solvant du polymere pour en 
faciliter I'extraction. II ne doit solubiliser, ni le polymere, ni le principe actif, car 
sinon le rendement decapsulation serait fortement diminue. 



Dans Tart anterieur, la technique de coacervation fait appel au 
25 dichloromethane ou au chloroforme comme solvant du polymere, a une huile 
silicone comme agent de coacervation, et a Theptane comme durcisseur. 

La presente invention conceme un procede de microencapsulation d'un 
principe actif par coacervation qui consiste en 

la desolvatation menagee ou coacervation d'un polymere dissous dans un 
30 solvant organique contenant ledit principe actif, ladite coacervation etant 



induite par addition d'un non-solvant et se traduisant par le depot du 
polymere a la surface dudit principe actif, puis 



La technique de 



acervation, malgre des taux eleves de solvants 



20 



solubiliser le principe actif pour limiter les pertes d'encapsulation. 
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- le durcissement du depot de polymere par ajout d'un agent durcisseur, ledft 
durcissement se traduisant par la formation d'un film continu enrobant ledit 
principe actif, 

caracterise en ce que 

5 - le solvant du polymere est un solvant organique non chlore de point d'ebullition 
compris entre 30°C et 240 °C et de permittivite dielectrique relative et comprise 
entre 4 et 60, avantageusement choisi parmi Pacetate d'ethyle, la N- 
methylpyrrolidone, la methylethylcetone, Pacide acetique, le propylene 
carbonate et leurs melanges, 

10 - le non-solvant est un alcool ou une cetone comprenant 2 a 5 atomes, et 
preferentiellement 2 ou 3 atomes de carbone, en particulier Pethanol (e=24), le 
propan-2-ol (e=18), le propane-1 ,2-diol (s entre 18 et24) et le glycerol (e=40), ou 
la methylethylcetone (e= 18), 

- I'agent durcisseur est choisi parmi Peau, les alcools comprenant 1 a 4 atomes 
15 de carbone a condition que I'agent durcisseur soit un alcool different du non- 
solvant, et leurs melanges. 

Bien que la N-methylpyrrolidone soit de classe 2 comme le 
dichloromethane, sa concentration limite est nettement plus elevee (4840 ppm 
contre 600 ppm pour le dichloromethane). 
20 De fa9on avantageuse, le non-solvant et le durcisseur sont 

respectivement choisis parmi les couples suivants : propane-1 ,2-diol et propan-2- 
ol, glycerol et propane-1, 2-diol, glycerol et propan-2-ol, propan-2-ol et propane- 
1 ,2-diol. 

Selon un mode de realisation prefere, le polymere est un polymere 
25 biodegradable dont la masse moleculaire en poids (Mw) est comprise entre 10 
000 et 90 000 g/mole, de preference entre 15 000 et 50 000 g/mole, dont Pindice 
de polydispersite (Ip) est comprise entre 1 et 3,5, de preference entre 1,5 et 2,5. 

On indiquera ci-apres un certain nombre d'autres caracteristiques 
additionnelles pour iilustrer divers modes de mises en ceuvre preferentielles de 
30 Pinvention. 

Selon ces caracteristiques additionnelles, le polymere est un polymere 
d'acide lactique (PLA) ou un copolymere d'acides lactique et glycolique (PLAGA). 

Le polymere est un PLAGA tel que Mw est comprise entre 15 000 et 20 
000 g/mole, de preference egal a 17 500, Ip est compris entre 1 et 2, de 
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preference egal a 1,6, et le pourcentage decide glycolique est inferieur a 30%, 
de preference egal a 25%. 

La concentration en polymere dans le solvant est comprise entre 1 et 10% 
(p/v), de preference de I'ordre de 4% (p/v). 
5 Le rapport volumique non-solvant/solvant est compris entre 1/2 et 1/jl . 

La temperature de coacervation est inferieure a la temperature de 
transition vitreuse du polymere, de preference inferieure ou egale a 25°C, de 
preference inferieure a 4°C, de preference encore inferieure ou egale a -4°C. 

Le non-solvant est ajoute par doses successives de 200 a 1 ml. 
10 La coacervation est realisee sous agitation, par exempie sous agitation 

magnetique, a une Vitesse comprise entre 200 et 1000 t/min. 

L'agent durcisseur contient en outre un agent tensioactif, la concentration 
dudit agent tensioactif dans l'agent durcisseur etant comprise entre 0,5 et 10% 
(v/v). 

15 L'agent tensioactif est un ester de sorbitan, par exempie le Tween ® 80, 

ou I'alcool polyvinylique. 

Le rapport volumique agent durcisseur/solvant est compris entre 5/1 et 
180/1, et de preference entre 15/1 et 120/1. 

Le durcissement des microspheres est realise sous agitation, par exempie 
20 magnetique a une vitesse comprise entre 500 et 1500 t/min. 

La temperature de durcissement est inferieure ou egale a 25°C, de 
preference inferieure a 4°C, de preference encore inferieure ou egale a 0,5°C. 

Le durcisseur est ajoute en plusieurs fois, de preference en quatre fois au 
minimum. 

25 Le durcissement dure entre 2 et 4 heures. 

Les microparticules obtenues a la suite du durcissement sont filtrees sur 
systeme Millipore ®, par centrifugation ou sur papier plisse. 

Lorsque le principe actif forme une dispersion dans la solution de 
polymere, le solvant et le non-solvant ont une viscosite suffisamment elevee pour 
30 stabiliser le principe actif. 

La granulomere du principe actif est comprise entre 1 et 50 microns, et 
preferentiellement entre 5 pm et 30 pm. 

Selon un mode de realisation prefere, le solvant est la N- 
methylpyrrolidone, le non-solvant est I'ethanol, et le durcisseur est I'eau. 
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Seton un autre mode de realisation prefere, le solvant est I'acetate 
d'ethyle, le non-solvant est le propan-2-ol, et le durcisseur est I'eau. Le poiymere 
est un PLAGA 75 :25 tel que Mw est comprise entre 15 000 et 20 000, de 
preference egal a 17 500, Ip est compris entre 1 et 2, de preference egal a 1 ,6. 
5 Selon un troisieme mode prefere de realisation, le solvant est I'acide 

acetique, le durcisseur est I'eau, et le poiymere est un PLAGA 50 :50. 

Dans le cadre de la presente invention, lorsque le principe actif est 
insoluble dans le solvant du poiymere, on realise soit une suspension, soit une 
emulsion. 

10 Pour preparer la suspension, le principe actif est broye au mortier puis 

mis en suspension dans le solvant. La suspension peut etre homogeneisee sous 
agitation magnetique : la coacervation est aiors aussi realisee sous agitation 
magnetique. La suspension peut egalement etre homogeneisee sous agitation 
mecanique, a vitesse variable (agitateur a heiice, Heidolph RGL500, Prolabo, 

15 Paris, France) ou a i'aide d'un Ultra-Turrax® T25 (Prolabo, Paris, France). Dans 
ces deux derniers cas, la coacervation est alors realisee sous agitation 
mecanique. 

La dispersion du principe actif dans la solution de poiymere peut 
egalement etre classiquement realisee sous agitation par ultrasons. 

20 Lorsque le principe actif est hydrosoluble, pour preparer I'emulsion, le 

principe actif est dissous dans I'eau, puis une emulsion eau/solvant du poiymere 
est realisee sous agitation mecanique. La coacervation se fait ensuite sous 
agitation mecanique. 

Lorsque le principe actif est soluble dans le solvant du poiymere, la 

25 coacervation est realisee sous agitation mecanique. 

Dans le cadre de la presente invention, le poiymere est un poiymere 
biodegradable d'emploi frequent dans ('encapsulation de principes actifs, de 
preference un PLA ou un PLAGA, de preference encore un PLAGA de masse 
molaire en poids (Mw) comprise entre 10 000 et 90 000, de masse molaire en 

30 nombre (Mn) comprise entre 4 000 et 40 000, d'indice de polydispersite (Ip) 
compris entre 1 et 3,5, et dont la proportion de glycolide est comprise entre 10 et 
60 %. On preferera les polymeres de masse molaire en poids elevee superieure 
ou egale a 15000 g/mole car its penmettent d'augmenter le rendement de 
fabrication en augmentant le volume de la phase de coacervat. On preferera 
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"galement les polymeres dont I'indice de polydispersite est faibie (Ip < 2,6), car 
les fractions de bas poids moleculaire restent en solution et entrainent une 
baisse de rendement, ou provoquent I'agglomeration des microparticules en se 
collant a leur surface. 

5 Le PLAGA est par exemple ie Resomer® RG 502 (Boehringer Ingelheim, 

Mw=14 300 g/mole), Mn 6 900 g/mole, Ip 2,5, 50 % de glycolide), le Resomer® 
RG 756 (Mw 89 800 g/mole, Mn=35 200 g/mole, Ip 2,6, 25 % de glycolide), le 
Resomer^ RG 858 (Mw=87 000 g/mole, Mn=22 000 g/mole, Ip 3,9, 15 % de 
glycolide), le Phusiline foumi par Phusis (Mw=17 500 g/mole, Mn =10 940 

10 g/moie, ip=1,6 t 25 % de glycolide). 

La concentration en polymere dans le solvant doit etre suffisante pour 
augmenter la viscosite du milieu, ce qui permet de stabiliser les gouttelettes de 
coacervat dispersees et de limiter leur agregation, d'une part, et de diminuer la 
formation de microparticules de petite taille, d'autre part. 

15 La concentration en polymere est de preference comprise entre 1 et 10 % 

(p/v), de preference encore egale a environ 4 % (p/v). 

Les viscosites du solvant et du non-solvant doivent etre suffisantes pour 
stabiliser les gouttelettes de coacervat. 

Le volume de non-solvant a ajouter est defini de maniere a porter le 

20 systeme dans la fenetre de stabilite et obtenir un coacervat stable. Cependant, le 
volume de non-solvant depend egalement de la concentration des cristaux de 
principe actif en suspension dans la solution organique de polymere. 

L'addition d'un exces de non-solvant permet d'accelerer le durcissement 
de la paroi des microparticules, de prevenir leur agglomeration et d'ameliorer 

25 r extraction du solvant. 

La vitesse d'addition du non-solvant est suffisamment basse pour eviter la 
formation d'un grand nombre de microparticules trop petites, i.e. de taille 
comprise entre 1 et 2 yim. En outre, plus la separation de phase est lente, plus la 
distribution granulometrique des microparticules est uniforme et plus la surface 

30 des microparticules est lisse. L'ajout de non-solvant se fait de preference 
graduellement par doses de 200 pi a 1 ml, en observant au moins une minute 
entre chaque dose. 

Une diminution de la vitesse d'agitation pendant I'etape de coacervation 
augmente la taille des gouttelettes de coacervat puis des microparticules finales. 
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Mais en dessous d'une Vitesse limite, variable en fonction des systemes, la 
cinetique de depot du coacervat est trop lente et/ou les gouttelettes de coacervat 
sont trop grosses et ne sont pas assez stables. Une agitation mecanique ou 
magnetique comprise entre 200 t/min et 1000 t/min donne sou vent de bons 
5 resultats. 

La temperature est le parametre essentiel de la coacervation ; elle doit 
etre inferieure a la temperature de transition vitreuse du polymere. Plus elle est 
basse, plus le milieu est visqueux et moins les microparticules ont tendance a 
s'agreger. 

10 Le durcisseur ideal ne doit solubiiiser ni le principe actif, ni le polymere. II 

doit extraire facilement le solvant du polymere. Le durcisseur employe est de 
l'eau eventuellement additionnee de tensioactif ou d'un alcool. L'eau permet 
avantageusement d'extraire facilement le solvant du polymere. Elle presente, en 
outre, Tavantage d'etre de faible cout, de ne pas necessiter de retraitement des 

15 effluents. Cependant, l'eau n'est pas le durcisseur ideal, dans le cas de principes 
actifs hydrosolubles car tout contact proionge est responsable de la diffusion du 
principe actif qui se traduit par un faible taux decapsulation. 

Lorsque le principe actif encapsule est hydrophile pendant le 
durcissement, il est rapidement dissous par l'eau qui penetre dans les 

20 microparticules, et peut diffuser en retour hors des particules. En travaillant a 
basse temperature, on diminue les phenomenes de diffusion, done les fuites de 
principe actif vers la phase aqueuse, et on ameliore le rendement 
decapsulation. 

D'autres possibilites peuvent etre envisagees pour reduire la diffusion du 
25 principe actif ; comme la saturation de la phase exteme par un electrolyte ou le 
principe actif lui-meme, s'il est de faible cout, et I'association de l'eau a un autre 
solvant, qui presente une forte affinite pour le solvant du polymere afin de 
I'extraire des microspheres. Ainsi, on reduit le volume d'eau employe et le 
contact avec l'eau est attenue. 
30 Le tensioactif ou I'alcool permettent de limiter I'agregation des 

microparticules entre elles afin de former une dispersion homogene. lis ont ete 
selectionnes en fonction de leur innocuite. Les tensioactifs sont choisis parmi 
ceux frequemment utilises dans les formulations destinees a la voie injectable 
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tels que les esters de sobitan polyoxyethylenes, comme le Tween® 80 et le 
Tween® 20 (tensioactifs hydrophiles). 

Le Montanox® 80 (monooleate de sorbitan polyoxyethylene) est un 
emulsifiant hydrophile, qui peut entrer dans la composition d'une emulsion de # 
5 type Huile/Eau. 

Le Montane® 80 (oleate de sorbitane) est son equivalent dans la gamme 
des tensioactifs lipophiles. Le Solutol® HS 15 (hydroxystearate de polyethylene 
glycol 660) est un tensioactif non ionique, a caractere hydrophile utilise dans les 
solutions injectables. 

10 Le Synperonic® PE/F 68 (Poloxamer 188) est un copolymere-bloc de 

polyoxyethylene et de polyoxypropylene. 

Enfin, I'alcool polyvinylique, a ete employe sous deux grades differents : 
le Mowiol® 4/88 et le Rhodoviol®4/125. 

Le volume de durcisseur reieve d'un compromis. II doit etre suffisant pour 

15 eliminer rapidement le solvant des microspheres, mais il devra limiter la diffusion 
du principe actif hors des microspheres. Le volume est defini d'apres les criteres 
de solubilite du solvant dans la phase externe, de maniere a ce que la 
concentration finale du solvant dans le durcisseur soit inferieure a la 
concentration a saturation de la phase externe en solvant En eliminant 

20 rapidement le solvant, la diffusion du principe actif est empechee par la formation 
d'une barriere de polymere. De plus, les microspheres seront durcies ce qui evite 
I'agregation. 

L'augmentation du volume du durcisseur, faite de fa?on progressive par 
ajouts a intervalles reguliers, permet de mieux extraire le solvant des 
25 microparticules. 

Le rapport du volume du durcisseur au volume du solvant est compris 
entre 5/1 et 180/1, et de preference entre 15/1 et 120/1. 

Les associations utilisant Tacide acetique ou la N-methylpyrrolidone 
comme solvant du polymere necessitent peu d'agent durcisseur pour donner des o 
30 microspheres solides, si bien que le rapport du volume du durcisseur au volume 

du solvant est avantageusement de I'ordre de 5/1 dans ce cas. i 

La methode de sechage des microparticules est fonction de la rigidite des 
microspheres, de la taille et des volumes a traiter. 
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La tendance des microparticules a s'agreger apres sechage depend de 
leur taux d'hydratation et des quantites de solvant residuelles. 

Si un sechage a I'air iibre est insuffisant, la mise sous vide et/ou 
raugmentation de la temperature permettent de la completer, a condition que les 

5 microparticules soient resistantes au vide. II faut cependant s'assurer que la 
Vitesse et la temperature de sechage ne soient pas trop elevees pour eviter 
I'agglomeration des microparticules. 

Dans le cas des associations utilisant Tacetate d'ethyle comme solvant du 
poiymere, se pose le probleme du choix de la methode de separation des 

10 microspheres. En effet, les microspheres sont encore gorgees de solvant apres 
une agitation d'une heure dans le durcisseur. Une filtration sur un systeme 
Millipore®, a travers un filtre de porosite 0,5 pm donne lieu a un gateau solide 
difficilement redispersable. De plus, le filtre est tres vite colmate par les 
microspheres encore deformables. La separation par centrifugation sur un aliquot 

15 de la solution n'a pas donne le resultat espere. La encore, les microspheres 
s'agregent et forment un culot, non redispersable, meme a une vitesse de 
centrifugation peu elevee. Une autre technique de filtration utilisant un filtre en 
papier piisse, s avere etre une solution. Ce procede presente Tavantage d'une 
surface de filtration importante et se realise a pression atmospherique. 

20 Cependant, les microspheres les plus petites ont tendance egalement a 
s'adsorber dans les pores et colmatent le filtre au fur et a mesure. II est 
egalement difficile de recuperer la totalite des microspheres. Quant au sechage, 
il est assure par un courant d'air comprime, puis les microspheres sont laissees a 
lair ambiant 

25 Selon un mode de realisation de Tinvention, le solvant du poiymere est 

I'acetate d'ethyle, le non-solvant est le propan-2-ol, et le durcisseur est un 
melange eau/tensioactif, eventuellement un melange eau/tensioactif/alcool. 

Dans ce mode de realisation, le poiymere est de preference un PLAGA 
75 : 25. La concentration en poiymere est comprise entre 1 et 5 % (p/v), de 

30 preference egale a environ 4 % (p/v). La coacervation est menee a temperature 
ambiante, de preference a une temperature inferieure a 4°C, de preference 
encore inferieure a egale a — 4°C, sous agitation mecanique, de preference a 
300 t/min. 
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La concentration en tensioactif est comprise entre 1 et 10 % (v/v). Le 
tensioactif est le Tween® 80. Lorsqu'un alcool est associe a de I'eau, on fixe la 
concentration en tensioactif entre 1 et 10 % environ et la concentration en alcool 
entre 2,5 et 5 % environ. Ualcool est avantageusement le propan-2-ol ou le 
5 propane-1,2-diol. La solution aqueuse de durcisseur est ajoutee en au -moins 
quatre fois. Le durcissement dure au moins 2h30 et au plus 4 heures, il est 
effectue a temperature ambiante, de preference a une temperature inferieure a 
4°C, de preference encore a 0 f 5°C, sous agitation mecanique (500 t/min). 

Le rapport volumique non-solvant /solvant est egal a 
10 Le rapport volumique durcisseur/solvant est egal a 120/1. 

Plus la temperature de durcissement est basse, plus la duree de 
durcissement sera diminuee. Ainsi, lorsque la temperature est inferieure a 4°C, 
une duree de 4 heures suffit La duree est abaissee a 2h30 quand la temperature 
est de 0,5°C. 

15 Selon un autre mode de realisation, le solvant est la N-methylpyrrolidone, 

le non-solvant est I'ethanol et le durcisseur est un melange eau/tensioactif. La 
concentration en polymere est comprise entre 4 et 10 % (p/v). La coacervation et 
le durcissement sont conduits a temperature ambiante, sous agitation 
magnetique. La concentration en tensioactif est comprise entre 0,5 et 10 % (v/v). 

20 La duree de durcissement est comprise entre 2 et 4 heures. Le rapport 
volumique durcisseur/solvant est egal a 40/1. Le polymere est de preference le 
Resomer RG® 502 ou le resomer RG® 756. 

La presente invention est illustree par les exemples suivants sans en 
limiter la portee. 

25 

Exemple 1 : Evaluation des associations polymere/solvant/agent de 
coacervation/durcisseur. 

Dans cette etude, les poly(a-hydroxy-acides) ont ete evalues. Trois 
30 copolymeres d'acide lactique et glycolique, dont les proportions de L-, D-lactides 
et glycolides sont variables, ont ete employes. II s'agit des polymeres suivants, 
foumis par Boehringer Ingelheim : 

- le Resomer® RG 502 (Mw=14300g/moie, Mn=6900g/mole), qui comporte 25 
% de L-lactide, 25 % de D-lactide et 50 % de glycolide, 



WO 01/15799 



13 



PCTYFR00/02376 



- le Resomer RG 756 (Mw=89800g/mole, Mn=35200g/mole), qui renferme 
37,5 % de L-lactide, 37,5 % de D-lactide et 25 % de glycolide, 

- le Resomer® RG 858 (Mw=87000 g/mote, Mn=22000 g/mole), qui possede 
42,5 % de L-lactide, 42,5 % de D-lactide et 15 % de glycolide. 

5 Au vu des solvants respectifs des polymeres, les solvants les tnoins 

toxiques ont ete selectionnes. lis appartiennent aux solvants de classe 2 ou 3, 
definis par la classification des lignes directrices de TICK 

La miscibilite des couples solvant/non-solvant des trois polymeres etudies 
a ete ensuite determinee. De la meme maniere, les non-solvants aes polymeres 

10 ont ete choisis pour leur faible toxicite. 

Le criblage des associations solvant/non-solvant/durcisseur est realise 
dans des flacons a scintillation, sur de faibles volumes de solutions organiques 
de polymeres a 1 ou 4 (pour la N-methylpyrroiidone et le PLAGA 50 : 50 
exclusivement) % (m/v), 5 ml de solution organique de polymere sont places 

15 dans un flacon a scintillation. On ajoute ensuite I'agent de coacervation jusqu'a 
obtenir un trouble, persistant a Tagitation, qui est caracteristique de la formation 
de coacervat. Le coacen/at est observe a cette etape en microscopie optique. 
Puis 1 ml de ce melange est verse dans 10 ml d'une solution aqueuse de 
tensioactif. On observe par microscopie optique la presence ou non de 

20 microspheres. 

a) Essais de coacervation avec le PLAGA 50 : 50 (Resomer® RG 502) 

Les solvants dans lesquels le PLAGA 50 : 50 est soluble sont I'acetate 
25 d'ethyle, Tacetone, I'acetonitrile, Tacide acetique, le dimethylacetamide, le 
dimethylformamide, le lactate d'ethyle, la N-methylpyrrolidone et le propylene 
carbonate. Le PLAGA 50 : 50 est insoluble dans le toluene, le propan-2-ol, le 
glycerol, le dioctyladipate, le propane-1,2-diol, le xylene, le diethylcarbonate et la 
methylethylcetone. 

30 Les associations pour lesquelles on observe la formation d'un coacervat 

et de microspheres sont les suivants : 

acetate d'ethyle/propan-2-ol/eau + Tween® 80, 

acide acetique/propane-1 t 2-diol ou propan-2-ol /eau + Tween® 80, 

N-methylpyrrolidone/ethanol/eau + Tween® 80 ou propan-2-ol, 
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- N-methylpyrrolidone/methylethylcetone ou propan-2-ol/eau + Tween®80. 
Propylene carbonate/propan-2-ol/ eau eventuellernent avec Tween® 80, 
ethanol ou NaCI. 

Uacide acetique peut etre employe comme solvant du polymere et donner 

5 lieu a la formation de coacervat et de microspheres bien individualists, a 
condition d'utiliser I'eau comme durcisseur. Effecttvement, il se forme des 
gouttelettes de coacervat dans 1'association, acide acetique/propan-2-ol mais en 
presence de methylethylcetone ou propane- 1 ,2-diol comme durcisseurs, les 
gouttelettes de coacervat ne conservent pas leur forme spherique et il se forme 

10 des amas de polymeres. 

^association acetate d'ethyle/propan-2-ol/eau ■+ Tween® 80 donne de 
bons resultats ainsi que 1'association N-methyipyrrolidone/ethanol/eau + Tween® 
80. Cette etude a ete completee par la recherche de durcisseurs. Le propane- 
1,2-diol et le propan-2-ol s'averent etre de bons candidats. Cependant, on peut 

15 noter une capacite d'extraction du solvant moindre avec le propane-1, 2-diol 
qu'en presence de propan-2-ol. 

Le propylene carbonate est un solvant interessant par sa faible toxicite 
mais aussi par sa solubilite partielle dans Teau. L'association propylene 
carbonate/propan-2-ol permet de s'affranchir de Teau grace a la possibilite de 

20 remplacer la phase externe par un solvant ou du moins, limiter la diffusion du 
principe actif, par ajout d'un electrolyte dans la phase externe ou par melange 
d'eau et d'un solvant. 

b) Essais de coacervation avec le PLAGA 75 : 25 (Resomer® RG 756) 

25 

Les solvants dans iesquels le PLAGA 75 : 25 est soluble sont I'acetate 
d'ethyle, ('acetone, Tacetonitrile, Tacide acetique, le dimethylacetamide, le 
dimethylformamide, Tether diethylique, la methylethylcetone, et la N- 
methylpyrrolidone. 

30 Le PLAGA 75 : 25 est insoluble dans le toluene, le propan-2-ol, le 

glycerol, le propane-1, 2-diol, le propylene carbonate, le dioctyladipate et le 
tri ' thylcitrate. 

Les deux solvants donnant les meilleurs resultats sont I'acide acetique et 
I'acetate d'ethyle. Les etudes se sont done focalisees sur revaluation des 
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associations acide acetique/glycerol et acide acetique/propane-1 ,2-diol ainsi que 
les couples acetate d'ethyle/propan-2-ol et acetate d'ethyle/propane-1,2-diol. 

Les associations pour lesquelles on observe la formation de microspheres 
individualisees sont : 
5 - acetate d'ethyle/propane-1,2-diol/eau + Tween® 80 ou propan-2-ol, 

- acide acetique/glycerol ou propane- 1,2-dioi/eau + Tween® 80. 

c) Essais de coacervation avec le PLAGA 85 : 15 (Resomer® RG 858) 

10 Les solvants dans lesquels le PLAGA 85 : 15 est soluble sont I'acetate 

d'ethyle, I'acetone, I'acetonitrile, I'acide acetique, la dimethylformamide, 
I'ethanolamine, I'ethylenediamine, la methylethylcetone, la N-methylpyrrolidone, 
le toluene et le triethy I citrate. Le PLAGA 85 : 15 est insoluble dans le propan-2-ol, 
le glycerol, le propane-1 ,2-diol, le dioctyladipate et le xylene. 

15 Les associations pour lesquelles on observe la formation de coacervat et 

de microspheres sont : 

acetate d'ethyle/propan-2-ol ou propane-1,2-diol/eau + Tween® 80, 

- acetate d'ethyle/propan-2-ol/propane-l ,2-diol, 

- acetate d'ethyle/propane-1,2-diol/propan-2-ol, 

20 - acide acetique/glycerol (eau + Tween® 80) ou propane-1 ,2-diol ou propan-2- 
ol. 

acide acetique ou methylethylcetone/propane-1 ,2-diol/eau + Tween® 80, 
acide acetique/propan-2-ol/propane-1 f 2-diol, 

- N-methylpyrrolidone ou methylethylcetone/propan-2-ol/eau + Tween® 80, 
25 - methylethylcetone/propane-1 ,2-diol/propan-2-ol. 

Exemple 2 : Realisation de microspheres non chargees en principe actif en 
faisant varier ies parametres de la coacervation. 

30 Dans un premier temps les conditions operatoires sont etablies pour la 

preparation de microspheres sans principe actif, afin de realiser des particules de 
la taille desiree. ^influence de differents facteurs comme le volume d'agent de 
coacervation ajoute, le volume de durcisseur, le type et la vitesse d'agitation, et 
la methode de collecte des microspheres est etudiee. 
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Le polymere est dissous dans 50 ml de solvant organique (Becher n° 1) 
pour donner une solution a 1 % (p/v). La concentration en polymere est portee a 
4 % (p/v) quand le solvant est la N-methylpyrroIidone. Sous agitation, on ajoute 
I'agent de coacervation jusqu'a I'obtention d'un coacervat stable et visible. Puis le 
5 melange est verse dans une solution de durcisseur additionnee d'un tensjoactif 
(Becher n° 2), sous agitation. Les microspheres sont ensuite recuperees par 
filtration. Les associations testees sont celles selectionnees dans Texemple 1. 

a) avec le PLAGA 50 : 50 (Resomer® RG 502). 

10 

Les differents protocoles correspondant a chacune des associations retenues 
sont recapitules dans le tableau 1. 
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b) Application au PLAGA 75 : 25 (Resomer® RG 756). 

Des microspheres sont obtenues dans les conditions decrites dans le 
tableau 2 avec ('acetate d'ethyle comme solvant Apparaissent trois possibilites 
5 d'agitation pour ('association acetate d'ethyle/propane-1,2- diol/eau + Montanox® 
80 ou Tween® 80 : I'agitation par les ultrasons, I'agitation mecanique a pales et 
['agitation magnetique. II n'y a pas de differences notables dans la morphologie 
ou la taille des microspheres qui puissent justifier le choix de Tune de ces 
methodes. 
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Exernple 3 : Realisation de microspheres chargees en 5-fluor uracile (5-FU) 
comme principe actif. 

Les essais sont realises avec les associations de Texemple 1 a) et b) qui 
5 ont conduit a Tobservation d'un coacervat. 

a) influence du principe actif sur la coacervation. 

Le principe actif a faible concentration (5 % en poids) forme avec la 
10 solution de polymere une dispersion homogene. La stabilite de la dispersion 
depend des soivants ; ainsi la N-methylpyrrolidone, qui est un solvant visqueux, 
conduit a une meilleure stabilite de la dispersion et les pertes en antimitotique par 
decantation ou adsorption sur les parois des bechers sont diminuees. 

L'emploi de propane-1 ,2-diol comme agent de coacervation stabilise 
15 davantage le systeme en augmentant la viscosite du milieu. 

b) Rendement de production. 

II varie de 15 a 100 % suivant les associations. Les associations utilisant 
20 Tacetate d'ethyle comme solvant du polymere donnent les meilleurs rendements, 
proches de 100 %. 

c) Taux et rendement decapsulation. 

25 Lorsque Ton augmente les charges theoriques en principe actif, le 

rendement decapsulation est tres faible. 

Un passage aux ultrasons permet d'individualiser les particules de 
principe actif. Lorsque Ton travaille avec de faibles concentrations, la dispersion 
est homogene et on atteint des rendements decapsulation de 70 %. 

30 

Exernple 4 : Etude de Tassociation N-methylpyrrolidone/ethanol/eau + 
tensioactif. 

Parmi les polymeres testes solubles dans la N-methylpyrrolidone, on 
35 retiendra : 
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- Resomer® RG 502 (Boehringer Ingelheim), qui est un D.L-PLAGA 50 :50, 

- Resomer® RG 756 (Boehringer Ingelheim) et Phusiline (Saint-lsmier) qui sont 
des D,L-PLAGA 75 : 25, 

La formulation initiate des microparticuies utilise une solution organique 

5 de polymere a 4 ou 10 % (p/v) pour un volume de solvant de 5 ml. La 
coacervation est realisee sous agitation magnetique. Le non-solvant du polymere 
est ajoute a I'aide d'une micropipette, ml par ml. Des I'apparition d 5 un trouble de 
la solution, un echantillon est preleve et observe en microscopie optique. Une 
minute apres Tapparition du trouble, le milieu de coacervation est verse goutte a 

10 goutte dans 200 ml de durcisseur (eau + Tween® 80 ou PVA). Le durcissement 
des microparticuies est realise sous agitation mecantique. Une nouvelle 
observation en microscopie optique des microparticuies est effectuee pendant le 
durcissement. Puis les microparticuies sont filtrees sous vide, ou a pression 
atmospherique sur papier filtre en cas d'impossibilite de filtration sous vide 

15 (colmatage quasi-immediat du filtre ou duree de filtration trop importante). Enfin, 
les microparticuies sont observees juste apres filtration et apres lyophilisation. 

Les microparticuies obtenues avec ('association NMP/ethanol/eau + 
tensioactif sont, en microscopie optique, spheriques, lisses et regulieres, quel 
que soit le stade de la formulation et quel que soit le type de polymere. 

20 Pour tous les lots realises, la filtration apres durcissement a ete realisee 

sur papier filtre et a pression atmospherique. La taille des microparticuies est 
comprise entre 30 et 50 (jm. De nombreuses microparticuies d'environ 5 pm de 
diametre sont aussi observees. 

25 • Influence du type de polymere et de sa concentration. 

Les microparticuies obtenues presentent toutes le meme aspect en 
microscopie optique. 

Les meilleurs rendements sont obtenus avec Resomer® RG 502 et 
30 Resomer® RG 756 dans les conditions suivantes (tableau 3). 
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• Influence de la nature du durcisseur t du temps de durcissement. 

Le type de durcisseur (eau, eau + Tween® 80, ou eau + PVA), pour le 
meme polymere PLAGA 50 : 50 (RG 502) et a temperature ambiante, n'influe ni 
5 sur la filtration ni sur le rendement de fabrication des microparticules qur reste 
. compris entre 17,5 et 23,8 %. 

Le temps de durcissement, pour le meme polymere PLAGA 50 : 50 (RG 
502), permet d'augmenter le rendement de fabrication d'environ 10 %, a 
temperature ambiante. 

10 

• Influence de la temperature 

Pendant le durcissement 

15 Un durcissement a une temperature inferieure a 4°C a permis de doubter 

le rendement de fabrication des microparticules, pour le PLAGA 50 : 50 (RG 
502) : 35,9 centre 17,5 %. 

b^ Pendant la coacervation 

20 

Les manipulations realisees entierement a une temperature inferieure a 
4°C ont un rendement de fabrication de 10,5 % maximum. 

L'association N-methylpyrrolidone/ethanol/eau + tensioactif conduit a la 
formation de microparticules presentant un aspect satisfaisant en microscopie 
25 optique. 

Exemple 5 : Microspheres chargees avec la progesterone ou ie budesonide. 

La progesterone et le budesonide sont des principes actifs hydrophobes 
30 solubles dans I'acetate d'ethyle. 

On utilise l'association acetate d'ethyle/propan-2-ol/eau + Tween® 80, et 
le D.L-PLAGA 75 : 25 (Phusis, SainWsmier) comme polymere. 

Les rendements de fabrication sont tous superieurs a 90 %. 
Les resultats obtenus sont rassembles dans le tableau 4. 



WO 01/15799 



24 



PCT/FR00/02376 



2 E - 
O 11 



*cd n. 



N -H 



CM 

o> 

+1 
CO 

in" 

CM 



CO 
-H 
CO 

o* 

CM 



-H 

to 
cm" 

CM 



i <D i 

c c *c o 

0} Q) ^ 

a: e « 



CD 

o> 

CD 
A 



cxT 

A 



CO 



c 
o 

£ 
< 



CD P 

I i 

m 



o ^ 
to 



CO 

o 

-CD 



I 

o 
o 
m 



CD 
O 



m 



CD 
ZJ 

Q 



cz 

E * 

+ 



c 
E 
o 

CO 



o 

CO 



E ^ 2 



c 

E 
o 

CO 



o 

CO 



& CO 



c 

E 
o 

CO 



c 
"E 
o 

CO 



-CD © 
<D CD 



o 

© 

m 



in 

ef 



O 

o 

in 

cf 



in 



< 
ill 

m 
< 



CD 

E 

o 
> 



1 E E 

o o 
m in 



— E 



o 
o 

CO 



o 
o 

CO 



E E E ^ 

O O is 

§ in in = 

00 V T 



o 
o 

CO 

+ 



E E E ^ E 



g in in 

8 y 7 



o 
o 

CO 



E E E ^ E 

o O O is O 

o £ £ o 

co V T w <° 



5^ 



o 



CD 
CL 



c 

CD 
CD 
5 



O 
00 



CD o 
| CO 



a> o 

| 00 



CD o 
| CO 



2 c 



CD 
O 
-CD 



o .E 
o e 



CO c-w c 

* 1 1 



s 



O .!= 

* 8 I 



CD 
O 



o .9 

° 1 



CO 



-CD <D 
CD fD 



o 



o 



c 
o 



CD 



CD 



ZJ C 

^ *D CO 

CD > 

o o in 



S c 

O Q) 

C CD -o 
O F JC CD 

o E o 



— CD 



CD 

g. 3 



o 
o 

CM 



c 

CD 



CD 

.11 

o *e ^ co 
o E o 

CM ^ 



— CD 

o -= _c oo 

o E o 

CM _ 



— CD 

o E "5 

CM 



ZJ 
O 



> < 
Q.CL 

g e s 

OE? 



CD 
C 

o 

-CD 



t/) in 
a) 



E o 
3 



a) 

O O) c 

E .2 



O) 



CO 



2 04 

CL 



O 
CO 



CD 
O) 
O 



o 

CO 



o 

CO 



CM 



CD 

IS o) c* 

* -S -i 

13 CO 



CO 



CO 



CD 
"O 

c 
o 

CO 

-CD 
"O 
ZJ 
-Q 



ao 


c 


E 


o 


00 


"3 


o> 


o 


CM 


CO 



CO 

O 

CO 

C 

.2 

CD 



WO 01/15799 



PCT/FR00/02376 



25 

Les taux et rendements d'encapsulation des principes actifs figurent dans 
le tableau suivant et sont calcules comme suit : 

- Ttheo. = [poids de principe actif/(poids de polymere + poids de principe actiO] x 
100, 

5 - Texp. = [poids de principe actif/poids de microparticules seches] x 100, 
lis permettent de caiculer le rendement d'encapsulation R : 

- R = [Texp./Ttheo.] x 100 

■ aux et rendements d'encapsulation de la progesterone et du budesonide 



avec le PLAGA 75 : 25 (Phusis) 



Lot 


Taux 
Theorique 


Taux 
experimental 


Rendement 
d'encapsu- 
lation 


Taux 
d'humidite 
residuelle 


1 (progesterone) 


12,4 % 


8,2 % 


66,1 % 


11,9% 


2 (progesterone) 


13,1 % 


9,5 % 


72,5 % 




3 (budesonide) 


13,3 % 


8,0 % 


60,1 % 




4 (budesonide) 


13,0 % 


8,8 % 


67,7 % 


16,4 % 



10 [.'association acetate d'ethyie/propan-2-ol/eau + tensioactif conduit a la formation 
de microparticules presentant un aspect satisfaisant en microscopie optique. En 
revanche, les microparticules obtenues avec ce couple solvant/non-solvant sont 
plus fragiles et sont sechees a I'air libre, done a temperature ambiante et a 
pression atmospherique, pour ne pas etre agglomerees de fa^on in'eversible. Les 

15 rendements de fabrication sont proches de 100 %. L'agregation est le principal 
probleme rencontre avec cette association solvant/non-solvant/durcisseur. Elle 
peut etre reduite en jouant sur differents parametres de la formulation. La 
temperature a laquelle est effectuee la coacervation est notamment un facteur 
essentiel : abaissee a — 4°C, elle permet de figer le polymere et de rigidifier les 

20 microparticules qui, ainsi, s'individualisent et ne se collent plus entre elles. 
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REVINDICATIONS 

1. Procede de microencapsulation d'un principe actif par coacervation qui 
5 consiste en 

la desolvatation menagee ou coacervation d'un polymere dissous dans un 
solvant organique contenant ledit principe actif, ladite coacervation etant 
induite par addition d'un non-solvant et se traduisant par le depot du 
polymere a la surface du principe actif, puis 
10 - le durcissement du depot de polymere par ajout d'un agent durcisseur, ledit 
durcissement se traduisant par la formation d'un film continu enrobant le 
principe actif, 
caracterise en ce que 

- le solvant du polymere est un solvant organique non chlore de point d'ebullition 
15 compris entre 30°C et 240 °C et de permittivite dielectrique relative et comprise 

entre 4 et 60, avantageusement choisi panmi Tacetate d'ethyle, la N- 
methyipyrrolidone, la methylethylcetone, I'acide acetique, le propylene 
carbonate et leurs melanges, 

- le non-solvant est un alcool ou une cetone comprenant 2 a 5 atomes, et 
20 preferentiellement 2 ou 3 atomes de carbone, en particulier I'ethanol (s=24), le 

propan-2-ol (e=18), le propane-1 ,2-diol (s entre 18 et 24) et le glycerol (s=40), ou 
la methylethylcetone (s= 18), 

- I'agent durcisseur est choisi parmi I'eau, les alcools comprenant 1 a 4 atomes 
de carbone a condition que I'agent durcisseur soit un alcool different du non- 
25 solvant, et leurs melanges. 

2. Procede selon la revendication 1, caracterise en ce que le non-solvant et le 
durcisseur sont respectivement choisis parmi les couples suivants : propane- 
1,2-diol et propan-2-ol, glycerol et propane-1 ,2-diol, glycerol et propan-2-ol, 

30 propan-2-ol et propane-1 ,2-diol. 

3. Procede selon les revendications 1 et 2, caracterise en ce que le polymere 
est un polymere biodegradable dont la masse moleculaire en poids (Mw) est 
comprise entre 10 000 et 90 000 g/mole, de preference entre 15 000 et 50 
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000 g/mole, dont I'indice de polydispersite (Ip) est compris entre 1 et 3,5, de 
preference entre 1 ,5 et 2,5. 

4. Procede selon la revendication 3, caracterise en ce que le polymere est un 
5 polymere d'acide lactique (PLA) ou un polymere d'acides lactiqoe et 

glycolique (PLAGA). 

5. Procede selon la revendication 4, caracterise en ce que le polymere est un 
PLAGA tel que Mw est comprise entre 15 000 et 25 000, de preference egal 

10 a 17 500, Ip est compris entre 1 et 2, de preference egal a 1,6, et le 

pourcentage d'acide glycolique est inferieur a 30%, de preference egal a 

25%. 

6. Procede selon Tune des revendications 1 a 5, caracterise en ce que la 
15 concentration en polymere dans le solvant est comprise entre 1 et 10% (p/v), 

de preference de I'ordre de 4% (p/v). 

7. Procede selon Tune des revendications precedentes, caracterise en ce que le 
rapport volumique non-solvant/solvant est compris entre 1/2 et 1/1. 

20 

8. Procede selon Tune des revendications precedentes, caracterise en ce que la 
temperature de coacervation est inferieure a la temperature de transition 
vitreuse du polymere, de preference inferieure ou inferieure ou egale a 25°C, 
de preference inferieure a 4°C, de preference encore egale a — 4°C. 

25 

9. Procede selon Tune des revendications precedentes, caracterise en ce que 
I'agent durcisseur contient en outre un agent tensioactif, la concentration 
dudit agent tensioactif dans I'agent durcisseur etant comprise entre 0,1 et 
10%(v/v). 

30 

10. Procede selon Tune des revendications precedentes, caracterise en ce que 
I'agent tensioactif est un ester de sorbitane, par exemple le Tween ® 80, ou 
I'alcool polyvinylique. 
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11. Procede selon Tune des revendications precedentes, caracterise en ce que le 
rapport volumique agent durcisseur/solvant est compris entre 5/1 et 180/1, et 
de preference entre 15/1 et 120/1. 

5 12. Procede selon I'une des revendications precedentes, caracterise en ceque ie 
durcissement des microspheres est realise sous agitation a une vitesse 
comprise entre 500 et 1500 t/min. 

13. Procede selon Tune des revendications precedentes, caracterise en ce que la 
10 temperature de durcissement est inferieure ou egaie a 25°C, de preference 

inferieure a 4°C, de preference encore inferieure ou egale a 0,5°C. 

14. Procede selon Tune des revendications precedentes, caracterise en ce que 
lorsque le principe actif forme une dispersion dans la solution de polymere, le 

15 solvant et le non-solvant ont une viscosite suffisamment elevee pour 

stabiliser le principe actif. 

15. Procede selon Tune des revendications precedentes, caracterise en ce que le 
principe actif est disperse sous ultra-sons pour former une dispersion dans la 

20 solution de polymere, et la coacervation est realisee sous agitation douce, de 

preference de type magnetique ou mecanique. 

16. Procede selon Tune des revendications precedentes, caracterise en ce que la 
granulomere du principe actif est comprise entre 1 et 50 micrometres, et 
preferentiellement entre 5 pm et 30 pm. 

25 

17. Procede selon Tune des revendications precedentes, caracterise en ce que le 
solvant est la N-methylpyrrolidone, le non-solvant est Methanol, et le 
durcisseur est I'eau. 

30 18. Procede selon Tune des revendications 1 a 16, caracterise en ce que le 
solvant est I'acetate d'ethyle. 

19. Procede selon la revendication 18, caracterise en ce que le solvant est 
I'acetate d'ethyle, le non-solvant est le propan-2-ol, et le durcisseur est I'eau. 
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20. Procede selon la revendication 18 ou 19, caracterise en ce que le polymere 
est un PLAGA 75 :25 tel que Mw est comprise entre 15 000 et 20 000, de 
preference egal a 17 500, Ip est compris entre 1 et 2, de preference egal a 

1,6. 

5 

21. Procede selon Tune des revendications 1 a 16, caracterise en ce que le 
solvant est Tacide acetique, le durcisseur est I'eau, et le polymere est un 
PLAGA 50 : 50. 
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Cross-Reference to Related Applications 

This is a continuation-in-part of co-pending Application Serial No. 
10 08/154,409, filed November 19, 1993, and co-pending Application Serial No. 

08/298,787, filed August 31, 1994. 

Background of the Invention 

1. Field of the Invention 

This invention relates to the preparation of microparticles. More 
15 particularly, the present invention relates to a method of encapsulating active 

agents to form controlled-release microparticles through the use of static 
mixers. The present invention also relates to a solvent system useful in a 
method of encapsulating active agents to form controlled-release 
microparticles. By "microparticles" or "microspheres" is meant solid particles 
20 that contain an active agent dispersed or dissolved within a biodegradable 

polymer that serves as the matrix of the particle. 

2. Description of the Related Art 

A variety of methods is known by which compounds can be 
encapsulated in the form of microparticles. It is particularly advantageous to 
25 encapsulate a biologically active or pharmaceutically active agent within a 

biocompatible, biodegradable, wall forming material (e.g., a polymer) to 
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provide sustained or delayed release of drugs or other active agents. In these 
methods, the material to be encapsulated (drugs or other active agents) is 
generally dissolved, dispersed, or emulsified T using stirrers, agitators, or other 
dynamic mixing techniques, in a solvent containing the wall forming material. 
Solvent is then removed from the microparticles and thereafter the 
microparticle product is obtained. 

An example of a conventional microencapsulation process is disclosed 
in U.S. Patent No. 3,737,337 wherein a solution of a wall or shell forming 
polymeric material in a solvent is prepared. The solvent is only partially 
miscible in water. A solid or core material is dissolved or dispersed in the 
polymer-containing solution and, thereafter, the core-material-containing 
solution is dispersed in an aqueous liquid that is immiscible in the organic 
solvent in order to remove solvent from the microparticles. The substances 
to be encapsulated or embedded are dissolved or dispersed in the organic 
solution of the polymer (phase A), using conventional mixers including (in the 
preparation of a dispersion) vibrators, and high speed stirrers, etc. The 
dispersion of phase (A), containing the core material in solution or in 
suspension, is carried out in the aqueous phase (B) again using conventional 
mixers, such as high-speed mixers, vibration mixers or even spray nozzles, in 
which case the particle size of the microgranulates will be determined not only 
by the concentration of phase (A) but also by the particle sizes obtained. 

Another example of a process in which solvent is removed from 
microparticles containing a substance is disclosed in U.S. Patent No. 
3,523,906. In this process, a material to be encapsulated is emulsified in a 
solution of a polymeric material in a solvent that is immiscible in water and 
then the emulsion is emulsified in an aqueous solution containing a hydrophilic 
colloid. Solvent removal from the microparticles is then accomplished by 
evaporation and the product is obtained. 

In still another process, as disclosed in U.S. Patent No. 3,691,090, 
organic solvent is evaporated from a dispersion of microparticles in an 
aqueous medium, preferably under reduced pressure. 
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Similarly, U.S. Patent No. 3,891,570 discloses a method in which 
microparticles are prepared by dissolving or dispersing a core material in a 
solution of a wall material dissolved in a solvent having a dielectric constant 
of 10 or less and poor miscibility with a polyhydric alcohol, then emulsifying 
in fine droplets through dispersion or solution into the polyhydric alcohol and 
finally evaporating the solvent by the application of heat or by subjecting the 
microparticles to reduced pressure. 

Another example of a process in which an active agent may be 
encapsulated is disclosed in U.S. Patent No. 3,960,757. Encapsulated 
medicaments are prepared by dissolving a wall material for capsules in at least 
one organic solvent, poorly miscible with water, that has a boiling point of 
less than 100°C, a vapor pressure higher than that of water, and a dielectric 
constant of less than about 10; dissolving or dispersing a medicament that is 
insoluble or slightly soluble in water in the resulting solution; dispersing the 
resulting solution or dispersion to the form of fine drops in a liquid vehicle 
comprising an aqueous solution of a hydrophilic colloid or a surface active 
agent, and then removing the organic solvent by evaporation. The size of the 
fine drops is determined according to the stirring speed, the viscosity of the 
organic solvent solution containing the medicament and the wall material, and 
the viscosity and surface tension of the vehicle. 

Tice et al in U.S. Patent No. 4,389,330 describe the preparation of 
microparticles containing an active agent by using a two-step solvent removal 
process. This two-step solvent removal process is advantageous because it 
results in microparticles having higher active agent loading and a higher 
quality than techniques in which solvent is removed in a single step. In the 
Tice et al. process, the active agent and the polymer are dissolved in a 
solvent. The mixture of ingredients in the solvent is then emulsified in a 
continuous-phase processing medium that is immiscible with the solvent. A 
dispersion of microparticles containing the indicated ingredients is formed in 
the continuous-phase medium by mechanical agitation of the mixed materials. 
From this dispersion, the organic solvent can be partially removed in the first 
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step of the solvent removal process. After the first stage, the dispersed 
microparticles are isolated from the continuous-phase processing medium by 
any convenient means of separation. Following the isolation, the remainder 
of the solvent in the microparticles is removed by extraction. After the 
remainder of the solvent has been removed from the microparticles, they are 
dried by exposure to air or by other conventional drying techniques. 

Tice et al. 9 in U.S. Patent No. 4,530,840, describe the preparation of 
microparticles containing an anti-inflammatory active agent by a method 
comprising: (a) dissolving or dispersing an anti-inflammatory agent in a 
solvent and dissolving a biocompatible and biodegradable wall forming 
material in that solvent; (b) dispersing the solvent containing the anti- 
inflammatory agent and wall forming material in a continuous-phase 
processing medium; (c) evaporating a portion of the solvent from the 
dispersion of step (b), thereby forming microparticles containing the anti- 
inflammatory agent in the suspension; and (d) extracting the remainder of the 
solvent from the microparticles. 

WO 90/13361 discloses a method of microencapsulating an agent to 
form a microencapsulated product, having the steps of dispersing an effective 
amount of the agent in a solvent containing a dissolved wall forming material 
to form a dispersion; combining the dispersion with an effective amount of a 
continuous process medium to form an emulsion that contains the process 
medium and microdroplets having the agent, the solvent, and the wall forming 
material; and adding the emulsion rapidly to an effective amount of an 
extraction medium to extract the solvent from the microdroplets to form the 
microencapsulated product. 

Bodmeier, R. et aL, International Journal of Pharmaceutics 
43:179-186 (1988), disclose the preparation of microparticles containing 
quinidine or quinidine sulfate as the active agent and poly(D,L-lactide) as the 
binder using a variety of solvents including methylene chloride, chloroform, 
and benzene as well as mixtures of methylene chloride and a water miscible 
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liquid, such as acetone, ethyl acetate, methanol, dimethylsulfoxide, 
chloroform, or benzene to enhance drug content. 

Beck, L.R. etaL, Biology of Reproduction 28:186-195 (1983), disclose 
a process for encapsulating norethisterone in a copolymer of D,L-lactide and 
5 glycolide by dissolving both the copolymer and the norethisterone in a mixture 

of chloroform and acetone that is added to a stirred cold aqueous solution of 
polyvinyl alcohol to form an emulsion and the volatile solvents removed under 
reduced pressure to yield microcapsules. 

Phase separation or non-solvent induced coacervation is a method 

10 which has also been employed to prepare microparticles comprised of a 

biodegradable polymeric matrix and a biologically active agent. Many of the 
published procedures for microencapsulation with lactide/glycolide copolymers 
employ solvent evaporation/extraction techniques, but these techniques are 
mostly suitable for water insoluble drugs because water soluble drugs may 

15 partially partition into the aqueous phase during the preparation process. The 

phase separation method, utilizes non-solvents for the polymer and in which 
hydrophilic active agents also are not soluble, is an efficient method of 
encapsulation for these active agents. 

In a conventional phase separation method, a known amount of 

20 polymer, such as poly(lactide-co-glycolide), PLGA, with a monomeric ratio 

of lactide to glycolide ranging from 100:0 to 50:50, is dissolved in an 
appropriate organic solvent. The solid drug, preferably lyophilized and 
micronized, may be dispersed in the polymer solution, where it is insoluble or 
slightly soluble in the organic solvent. Alternatively, the active agent may be 

25 dissolved in water, or in water which contains some additives, and emulsified 

in the polymer solution, preferably mainly by sonication, forming a water-in- 
oil emulsion. The resultant suspension or emulsion is then added to a reactor 
and addition of a first non-solvent is initiated at a predetermined rate. A 
turbine mixer installed in the reactor is used to provide moderate mixing. At 

30 the completion of the phase separation process, the mixture is transferred into 

a quench tank containing a second non-solvent to solidify the semi-solid 
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microspheres. The hardened microspheres are collected by sieving and are 
washed and stored in a vacuum oven for further drying. 

- Very often the solvents used in the known microencapsulation 
processes are halogenated hydrocarbons, particularly chloroform or methylene 
chloride, which act as solvents for both the active agent and the encapsulating 
polymer. The presence of small, but detectable, halogenated hydrocarbon 
residuals in the final product, however, is undesirable, because of their general 
toxicity and possible carcinogenic activity. Thus, a need exists to revise the 
known microencapsulation processes using less toxic and acceptable alternative 
solvents. 

With conventional techniques for the microencapsulation of biological 
or pharmaceutical active agents, such as those described above, the 
microparticles form when the solvent containing an active agent and a polymer 
is emulsified or dispersed in an immiscible solution by stirring, agitating, 
vibrating, or some other dynamic mixing technique, often for a relatively long 
period of time. Such dynamic mixing techniques have several drawbacks. 
For example, it is difficult to control the size of the resulting microparticles, 
or the distribution of sizes obtained. As a consequence, use of dynamic 
mixing also presents problems when preparing microparticles containing 
biological or pharmaceutical agents on a production or commercial scale. 
Particularly, production equipment includes a costly emulsion tank, including 
equipment to stir or agitate the fluids. One of the controlling factors for 
overall process time is the time required to form a homogeneous (uniform) 
emulsion. Increased batch sizes in larger tanks require a longer time to form 
the emulsion, resulting in a longer overall production process time. Longer 
exposure times of the active agent to process solvents and to polymer solutions 
can lead to degradation or deactivation of the active agent. Scale-up to a 
production process from a laboratory emulsion process is particularly difficult 
for microencapsulation of biological or pharmaceutical agents since, as the 
batch and tank size are increased, stir speeds and viscosities within the larger 
tank have to be empirically optimized by trial and error at each stage of the 



WO 95/13799 




PCT/DS94/13453 



scale-up. Likewise, the phase separation technique is not easily converted into 
a process for producing commercial scale quantities of microparticies because 
processing parameters, i.e., rate of non-solvent addition, agitation conditions, 
and the viscosity of both the active agent/polymer solution and the non-solvent 
must be empirically optimized by trial and error at each stage of scale-up. 
Thus, scale-up of conventional microencapsulation techniques is not only time 
consuming, but imprecise. 

Tests were conducted in an attempt to scale-up a laboratory emulsion 
formation process from small stirred glass reactors to production equipment 
for microparticies containing estradiol benzoate. The shear created by the 
mixer blades determined the particle size of the emulsion; the higher the shear, 
the smaller the particles. Due to the low viscosity of the oil (organic) phase 
in the estradiol benzoate process, low shear is required to produce the large 
emulsion particles which were desired. In large reactors it is difficult to 
maintain low shear and still provide uniform mixing. The speed at which the 
agitator must turn to provide a uniform tank composition produces a small 
particle size with a broad distribution of sizes. Larger mixing blade diameters 
and multiple mixing blades along the shaft helped to provide better mixing at 
low shear but still produced a very broad distribution of sizes. Particle size 
control became less reliable as batch size was increased. 

Accordingly, one advantage of the method of preparing microparticies 
of the present invention is that accurate and reliable scaling from laboratory 
to commercial batch sizes can be done, while achieving a narrow and well 
defined size distribution of microparticies containing biologically or 
pharmaceutical^ active agents. This can be achieved for any suitable 
encapsulation technique including, but not limited to, solvent extraction and 
phase separation. A further advantage of the method of the present invention 
is that the same equipment can be used to form microparticies containing 
active agents of a well defined size distribution for varying batch sizes. Yet 
another advantage of the method of the present invention is that high quality 



microparticles having a high concentration of active agent can be obtained 
using a single step to remove solvent, or through a phase separation technique. 

Summary of the Invention 

The present invention relates to a method of preparing microparticles. 

More particularly, the present invention relates to a process for 
preparing biodegradable microparticles comprising a biodegradable polymeric 
binder and a biologically active agent. In one aspect of the invention, a first 
phase, comprising an active agent and a polymer, and a second phase are 
pumped through a static mixer into a quench liquid to form microparticles 
containing the active agent. In a further aspect of the invention, the first 
phase and the second phase are substantially immiscible. In another aspect of 
the invention, the second phase is free from solvents for the polymer and 
active agent, and may be comprised of an aqueous solution of an emulsifier. 
The process of the present invention whereby microparticles are prepared 
using static mixers can be used with any conventional encapsulation technique 
including, but not limited to, solvent extraction and phase separation. 

In further aspects of the invention, the first phase is prepared by 
dissolving the active agent in a solution containing the polymer, by preparing 
a dispersion comprising the active agent, and by preparing an emulsion 
comprising the active agent. 

In yet further aspects of the invention, the method is used to prepare 
microparticles containing the following active agents: risperidone; trenbolone 
acetate; norethindrone; testosterone; estrodiol benzoate; human serum albumin; 
pig albumin; and recombinant bovine interferon-alpha. 

In a preferred embodiment of the invention, a blend of at least two 
substantially non-toxic solvents, free of halogenated hydrocarbons, is used to 
dissolve both the agent and the polymer. Hie solvent blend containing the 
dissolved agent and polymer is dispersed in an aqueous solution to form 
droplets. The resulting emulsion is then added to an aqueous extraction 
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medium preferably containing at least one of the solvents of the blend, 
whereby the rate of extraction of each solvent is controlled, whereupon the 
-biodegradable microparticles containing the biologically active agent are 
formed. The process has the advantages that less extraction medium is 
required because the solubility of one solvent in water is substantially 
independent of the other and solvent selection is increased, especially with 
solvents that are particularly difficult to extract. 

In a preferred embodiment, the present invention relates to a solvent 
system useful in a method of preparing a pharmaceutical composition in 
microparticle form designed for the controlled release of an effective amount 
of a drug over an extended period of time. This composition comprises at 
least one pharmaceutical agent and at least one biocompatible, biodegradable 
encapsulating polymer. 

More particularly, in yet a further aspect of the invention, the present 
invention relates to a method for preparing microparticles comprising: 

A. preparing a first phase comprising a biodegradable polymeric 
encapsulating binder and an active agent dissolved or dispersed 
in a blend of at least two mutually miscible organic solvents 
free from halogenated hydrocarbons and having limited water 
solubility, 

B. preparing a second phase comprising an aqueous solution of 

(1) a hydrophilic colloid or 

(2) a surfactant, 

C. combining said first phase and said second phase under the 
influence of mixing means to form an emulsion in which said 
first phase is discontinuous and said second phase continuous, 
and 

D. isolating said discontinuous first phase in the form of 
microparticles. 

Limited water solubility means having a solubility in water in the range 
of from about 0.1 to about 25 wt. % at 20°C. 
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ln a preferred embodiment, the present invention relates to a method 
for preparing microparticles comprising preparing a first "oil" phase 
containing from about 5 weight percent to about 50 weight percent solids of 
which from about 5 to about 95 weight percent is a solution of biodegradable 
polymeric encapsulating binder and incorporating from about 5 to about 95 
weight percent, as based on polymeric binder, of an active agent in a solvent 
blend, the blend comprising first and second mutually miscible solvents, free 
from halogenated hydrocarbons, each having a solubility in water of from 
about 0. 1 to about 25 weight percent at 20 °C, forming an emulsion containing 
from 1:1 to 1:10 of the first phase in an emulsion process medium to form 
microdroplets of the first phase composition in a continuous aqueous second 
phase processing medium, adding the combined first and second phases to an 
aqueous extraction quench liquid at a level of from about 0. 1 to about 20 liters 
of aqueous quench liquid per gram of polymer and active agent, said quench 
liquid containing the solvent of the blend having the greater water solubility 
at a level of from about 20% to about 70% of the saturation level of that 
solvent in the quench liquid at the temperature being used, and recovering 
microparticles from the quench liquid. 

In another aspect, the invention is directed to a method of preparing 
microparticles comprising the steps of: preparing a first phase, said first phase 
comprising a biologically active agent, a biodegradable polymer, and a blend 
of at least two mutually miscible solvents for the agent and the polymer free 
from halogenated hydrocarbons; preparing a second phase, wherein said first 
phase is substantially immiscible in said second phase; flowing said first phase 
through a static mixer at a first flow rate; flowing said second phase through 
said static mixer at a second flow rate so that said first phase and said second 
phase flow simultaneously through said static mixer thereby forming 
microparticles containing said active agent; and isolating said microparticles. 

In another aspect, the invention is directed to a method of preparing 
microparticles comprising the steps of: preparing a first phase, said first phase 
comprising a biologically active agent, a biodegradable polymer, and a blend 



of at least two mutually miscible solvents for the agent and the polymer free 
from halogenated hydrocarbons; preparing a second phase, wherein said first 
phase and said second phase are substantially immiscible; preparing a quench 
liquid; pumping said first phase and said second phase through a static mixer 
into said quench liquid thereby forming microparticles containing said active 
agent. 

In further aspects of the invention, the first phase is prepared by 
(1) dissolving the biologically active agent in a solution of the polymer 
dissolved in at least two mutually miscible solvents free from halogenated 
hydrocarbons, or (2) by preparing a dispersion comprising the active agent in 
said solvents, or (3) by preparing an emulsion comprising the active agent in 
said solvents. 

Brief Description of the Drawings 

Figure 1 illustrates flow through a static mixer; 

Figure 2 shows a static mixer which may be used in the process of the 
present invention; 

Figure 3 shows a laboratory set-up for carrying out a preferred process 
for preparing the microparticles of the present invention; 

Figure 4 depicts a graph of time release animal test data for two 
formulations of norethindrone loaded microparticles; 

Figure 5 depicts a graph of in vitro dissolution data for risperidone 
microparticles of batch Prodex 3, both as produced and lyophilized; 

Figure 6 depicts a graph of in vitro dissolution data for risperidone 
microparticles of batch Prodex 2, both as produced and lyophilized; 

Figure 7 depicts a graph of accelerated in vitro dissolution data for 
risperidone microparticles of batches Prodex 3 and Prodex 2; 

Figure 8 depicts a graph of mean (n = 2) plasma concentration-time 
curves for an active moiety (sum of risperidone and 9-hydroxy risperidone) 
after single intramuscular administration to beagle dogs of risperidone depot 
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formulations at an approximate dose of 2.5 mg/kg. The period of anti-emetic 
activity (in at least 2 out of 3 dogs) in the apomorphine vomiting test is given 
in the legend for each of the formulations. An asterisk (*) indicates that the 
anti-emetic activity is interrupted in at least 2 out of 3 dogs at the beginning 
of the study. The broken line indicates an approximate lowest minimum 
plasma concentration necessary for anti-emetic activity. The // sign indicates 
that for formulation Prodex 2 no blood was sampled on days 14, 18, and 21; 

Figure 9 depicts a graph of cumulative percent by microparticle size 
of estradiol benzoate loaded microparticles; 

Figure 10 depicts a graph of percent differential by microparticle size 
of estradiol benzoate loaded microparticles; 

Figure 11 depicts a graph of time release animal test data for estradiol 
benzoate loaded microparticles; 

Figure 12 depicts a graph of cumulative percent by microparticle size 
of trenbolone acetate loaded microparticles; 

Figure 13 depicts a graph of time release animal test data for 
testosterone loaded microparticles; 

Figures 14A-C depict three graphs showing the effect of spiking the 
quench liquid with ethyl acetate on norethindrone (NET) microparticle 
characteristics; and 

Figures 15A-C depict three graphs showing the effect of quench 
volume on NET microparticle characteristics. 

Description of the Preferred Embodiments 

The present invention involves the use of a solvent blend, free from 
halogenated hydrocarbons, comprising at least two solvents to produce 
biodegradable microparticles comprising at least one biologically active agent. 
A first solvent component of the solvent blend is a poor solvent for the active 
agent, but is a good solvent for the biodegradable polymer used herein. A 
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second solvent component of the solvent blend is a good solvent for both the 
active agent and the polymer. 

The method-of the present invention provides advantages over methods 
known in the art. The present method provides, inter alia, a biodegradable 
system, an injectable system that prevents the loss of dose during treatment, 
the ability to mix microparticles containing different drugs, microparticles free 
from halogenated hydrocarbon residues, and the ability to program release 
(multiphasic release patterns) to give faster or slower rates of drug release as 
needed. 

The products prepared by the method of the present invention offer the 
advantage of durations of action ranging from 30 to more than 200 days, 
depending upon the type of microparticle selected. In a preferred 
embodiment, the microparticles are designed to afford treatment to patients 
over a period of 30 to 60 days. The duration of action can be easily 
controlled by manipulation of the polymer composition, polymer drug ratio, 
and microparticle size. 

Another important advantage of the microparticles prepared by the 
process of the present invention is that practically all of the active agent is 
delivered to the patient because the polymer used in the method of the 
invention is biodegradable, thereby permitting all of the entrapped agent to be 
released into the patient. 

In the process of the present invention, an active agent is dissolved or 
dispersed in a solvent blend free from halogenated hydrocarbons and to the 
agent-containing medium is added the polymeric matrix material in an amount 
relative to the active agent that provides a product having the desired loading 
of active agent. Optionally, all of the ingredients of the microparticle product 
can be blended in the solvent blend medium together. 

The solvent system used herein is a blend of at least two solvents. 
These solvents must be: 

(1) mutually miscible with one another, 

(2) capable, when blended, of dissolving or dispersing the active agent, 
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(3) capable, when blended, of dissolving polymeric matrix material, 

(4) chemically inert to the active agent, 

(5) biocompatible, 

(6) substantially immiscible with the quench liquid, e.g., having a 
solubility of no more than about 0.1 to 25%, and 

(7) solvents other than halogenated hydrocarbons. 

By "halogenated hydrocarbons" is meant halogenated organic solvents, 
i.e., Q - C 4 halogenated alkanes, e.g., methylene chloride, chloroform, 
methyl chloride, carbon tetrachloride, ethylene dichloride, ethylene chloride, 
2,2,2-trichloroethane, and the like. 

An ideal solvent blend for encapsulation of an active agent should have 
a high solubility for the polymeric encapsulating agent of generally at least 
about 5 weight percent and, preferably, at least about 20 weight percent at 
20°C. The upper limit of solubility is not critical, but if over about 50 weight 
percent of the solution is encapsulating polymer, the solution may become too 
viscous to handle effectively and conveniently. This is, of course, dependent 
on the nature of the encapsulating polymer and its molecular weight* 

The solvent system, although substantially immiscible with the 
continuous phase process medium and the quenching liquid, which usually are 
water-based, preferably has a limited solubility therein. If the solvent system 
were infinitely soluble in the process medium, microdroplets would be unable 
to form during the emulsion phase; if the solubility of the solvent system in 
the extractive quenching medium is too low, however, large quantities of 
quenching medium are needed. Generally, solvent solubilities of from about 
0.1 to about 25% in the process medium and quench medium are acceptable 
for use herein. It will often be advantageous for the quench medium to 
contain from about 70 to about 20 weight percent of the saturation point of the 
first solvent, i.e., the solvent of higher solubility in the quench medium, to 
control the rate of loss of the first solvent from the microparticles into the 
quench medium. 
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• Added considerations in choosing a component of the solvent blend of 
the present invention include boiling point (i.e., the ease with which the 
solvents can be evaporated to form finished product) and specific gravity 
(tendency of the "oil phase" to float during emulsifying and quenching). 
Finally, the solvent system should have low toxicity. 

Generally, the solvent blend composition will contain from about 25 to 
about 75 weight percent of the first solvent and, correspondingly, from about 
75 to about 25 weight percent of the second solvent. 

The solvent blend of the present invention is preferably a blend of at 
least two of the following: an ester, an alcohol, and a ketone. Preferred esters 
are of the structure I^COOR 2 where R l and R 2 are independently selected 
from the group consisting of alkyl moieties of from 1 to 4 carbon atoms, i.e., 
methyl, ethyl, propyl, butyl, and isomers thereof. The most preferred ester 
for use as one component of the solvent blend employed in the practice of the 
present invention is ethyl acetate. Preferred alcohols are of the structure 
R 3 CH 2 OH where R 3 is selected from the group consisting of hydrogen, alkyl 
of from 1 to 3 carbon atoms, and aryl of from 6 to 10 carbon atoms. It is 
more preferred that R 3 be aryl. The most preferred alcohol for use as one 
component of the solvent blend employed in the practice of the present 
invention is benzyl alcohol. Preferred ketones are of the structure R 4 COR 5 
where R 4 is selected from the group consisting of alkyl moieties of from 1 to 
4 carbon atoms, i.e., methyl, ethyl, propyl, butyl, and isomers thereof and R 5 
is selected from the group consisting of alkyl moieties of from 2 to 4 carbon 
atoms, i.e., ethyl, propyl, butyl, and isomers thereof. The most preferred 
ketone for use as one component of the solvent blend employed in the practice 
of the present invention is methyl ethyl ketone. 

The polymeric matrix material of the microparticles prepared by the 
process of the present invention is a biocompatible and biodegradable 
polymeric material. The term "biocompatible" is defined as a polymeric 
material that is not toxic to the human body, is not carcinogenic, and does not 
significantly induce inflammation in body tissues. The matrix material should 
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be biodegradable in the sense that the polymeric material should degrade by 
bodily processes to products readily disposable by the body and should not 
accumulate in the body. The products of the biodegradation should also be 
biocompatible with the body in the same sense that the polymeric matrix is 
5 biocompatible with the body, as should any residual solvent that may remain 

in the microparticles. 

Suitable examples of polymeric matrix materials include poly(glycolic 
acid), poly-D,Hactic acid, poly-L-lactic acid, copolymers of the foregoing, 
poly(aliphatic carboxylic acids), copolyoxalates, polycaprolactone, 

10 polydioxonene, poly(ortho carbonates), poly(acetaIs), poly(lactic acid- 

caprolactone) , polyorthoesters, poly (glycolic acid-cap rolactone) , 
polyanhydrides, polyphosphazines, and natural polymers including albumin, 
casein, and waxes, such as, glycerol mono- and distearate,and the like. 
Various commercially available poly (lactide-co-glycolide) materials (PLGA) 

15 may be used in the method of the present invention. For example, poly 

(d,l-lactic-co-glycolic acid) is commercially available from Medisorb 
Technologies International L.P. (Cincinnati, OH). A suitable product 
commercially available from Medisorb is a 50:50 poly (D,L) lactic co-glycolic 
acid known as MEDISORB® 5050 DL. This product has a mole percent 

20 composition of 50% lactide and 50% glycolide. Other suitable commercially 

available products are MEDISORB® 65:35 DL, 75:25 DL, 85:15 DL and 
poly(d,l-lactic acid) (d,l-PLA). Poly(lactide-co-glycolides) are also 
commercially available from Boehringer Ingelheim (Germany) under its 
Resomer mark, e.g. , PLGA 50:50 (Resomer RG 502), PLGA 75:25 (Resomer 

25 RG 752) and d,l-PLA (Resomer RG 206), and from Birmingham Polymers 

(Birmingham, Alabama). These copolymers are available in a wide range of 
molecular weights and ratios of lactic acid to glycolic acid. 

The most preferred polymer for use in the practice of this invention is 
poly(dl-lactide-co-glycolide). It is preferred that the molar ratio of lactide to 

30 glycolide in such a copolymer be in the range of from about 85:15 to about 

50:50. 
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The molecular weight of the polymeric matrix material is of some 
importance. The molecular weight should be high enough to permit the 
formation of satisfactory polymer coatings, i.e., the polymer should be a good 
film former. Usually, a satisfactory molecular weight is in the range of 5,000 
to 500,000 daltons, preferably about 150,000 daltons. However, since the 
properties of the film are also partially dependent on the particular polymeric 
material being used, it is very difficult to specify an appropriate molecular 
weight range for all polymers. The molecular weight of a polymer is also 
important from the point of view of its influence upon the biodegradation rate 
of the polymer. For a diffusional mechanism of drug release, the polymer 
should remain intact until all of the drug is released from the microparticles 
and then degrade. The drug can also be released from the microparticles as 
the polymeric excipient bioerodes. By an appropriate selection of polymeric 
materials a microparticle formulation can be made in which the resulting 
microparticles exhibit both diffusional release and biodegradation release 
properties. This is useful in affording multiphasic release patterns. 

The formulation prepared by the process of the present invention 
contains an active agent dispersed in the microparticle polymer matrix 
material. The amount of agent incorporated in the microparticles usually 
ranges from about 1 wt. % to about 90 wt. %, preferably 30 to 50 wt. %, 
more preferably 35 to 40 wt. % . By weight % is meant parts of agent per total 
weight of microparticle. For example, 10 wt. % agent would mean 10 parts 
agent and 90 parts polymer by weight. 

In carrying out the process of the present invention, the encapsulating 
polymer should be essentially 100% dissolved in the solvent blend at the time 
the solution is emulsified. The active agent can be dispersed or dissolved in 
the solvent blend at the time it is added to the continuous phase process 
medium. The content of normally solid material (active agent plus 
encapsulating polymer) in the solvent blend at the time it is first emulsified 
should be at least 5 weight percent and preferably at least 20 weight percent. 
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Minimizing solvent in the "oil phase" provides a better quality microparticle 
and requires less extraction medium. 

One preferred active agent that can be encapsulated by the process of 
the present invention is norethindrone (NET) - others are risperidone and 
5 testosterone. 

Ethyl acetate alone is a poor solvent for NET thereby requiring more 
solvent and higher temperatures than the prior art chloroform process. 
Although coreloads of the product microparticles are acceptable, yields, 
especially in the 63-90 /xm range, are low. Scanning electron micrographs 

10 show these larger microparticles to be cracked open (i.e., shells) and 

collapsed. Higher than normal release rates for these microparticles 
corroborate this phenomenon. 

Experiments using benzyl alcohol alone as the solvent resulted in easy 
control of microparticle size as determined by inspection of the quench tank 

15 contents by optical microscopy. Upon drying, however, generally poor quality 

was found to have resulted. Often, recovery was difficult because of 
stickiness. Also, solvent residuals tended to be elevated. Using a solvent 
system of ethyl acetate and benzyl alcohol for the "oil phase" improved the 
microparticle quality and release characteristics. 

20 The mixture of ingredients in the "oil phase" solvent system is 

emulsified in a continuous-phase processing medium; the continuous-phase 
medium being such that a dispersion of microdroplets containing the indicated 
ingredients is formed in the continuous-phase medium. 

Although not absolutely necessary, it is preferred to saturate the 

25 continuous phase process medium with at least one of the solvents forming the 

"oil phase" solvent system. This provides a stable emulsion, preventing 
transport of solvent out of the microdroplets prior to quenching. Similarly, 
a vacuum may be applied as in U.S. 4,389,330. Where ethyl acetate and 
benzyl alcohol are the components of the solvent system, the aqueous phase 

30 of the emulsion preferably contains 1 to 8 weight percent ethyl acetate and 1 

to 4 weight percent benzyl alcohol. 
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Usually, a surfactant or a hydrophilic colloid is added to the 
continuous-phase processing medium to prevent the solvent microdroplets from 
agglomerating and to control the size of the solvent microdroplets in the 
emulsion. Examples of compounds that can be used as surfactants or 
hydrophilic colloids include, but are not limited to, poly(vinyl alcohol), 
carboxymethyl cellulose, gelatin, poly(vinyl pyrrolidone), Tween 80, Tween 
20, and the like. The concentration of surfactant or hydrophilic colloid in the 
process medium should be sufficient to stabilize the emulsion and will affect 
the final size of the microparticles. Generally the concentration of the 
surfactant or hydrophilic colloid in the process medium will be from about 
0. 1 % to about 10% by weight based on the process medium, depending upon 
the surfactant or hydrophilic colloid, the "oil phase" solvent system, and the 
processing medium used. A preferred dispersing medium combination is a 0. 1 
to 10 wt. % , more preferably 0.5 to 2 wt. %, solution of polyvinyl alcohol) in 
water. 

The emulsion can be formed by mechanical agitation of the mixed 
phases or by adding small drops of the organic phase that contains active agent 
and wall forming material to the continuous phase processing medium. The 
temperature during the formation of the emulsion is not especially critical, but 
can influence the size and quality of the microparticles and the solubility of the 
active agent in the continuous phase. Of course, it is desirable to have as little 
of the active agent in the continuous phase as possible. Moreover, depending 
on the solvent blend and continuous-phase processing medium employed, the 
temperature must not be too low or the solvent and processing medium may 
solidify or become too viscous for practical purposes. On the other hand, it 
must not be so high that the processing medium will evaporate or that the 
liquid processing medium will not be maintained. Moreover, the temperature 
of the emulsion cannot be so high that the stability of the particular active 
agent being incorporated in the microparticles is adversely affected. 
Accordingly, the dispersion process can be conducted at any temperature that 
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maintains stable operating conditions, preferably from about 20°C to about 
60° C, depending upon the active agent and excipient selected. 

As stated above, in order to create microparticles containing aa_active 
agent, an organic phase and an aqueous phase are combined. The organic and 
aqueous phases are largely or substantially immiscible, with the aqueous phase 
constituting the continuous phase of the emulsion. The organic phase includes 
the active agent as well as the wall forming polymer, i.e., the polymeric 
matrix material. The organic phase is prepared by dissolving or dispersing the 
active agent(s) in the organic solvent system of the present invention. The 
organic phase and the aqueous phase are combined under the influence of 
mixing means. 

A preferred type of mixing means is a static mixer and a preferred 
method of encapsulating the active agent to form the controlled release 
microparticles of the present invention involves the use of such a static mixer. 
Preferably the combined organic and aqueous phases are pumped through a 
static mixer to form an emulsion and into a large volume of quench liquid, to 
obtain microparticles containing the active agent encapsulated in the polymeric 
matrix material. 

In many of the known techniques for the microencapsulation of 
biological or pharmaceutical agents, the microparticles form when the solvent 
containing the active agent and the polymer is emulsified or dispersed in an 
immiscible second solvent by stirring, agitating, vibrating, or some other 
dynamic mixing technique, often for a relatively long period of time. Such 
dynamic mixing techniques have several drawbacks. For example, it is 
difficult to control the size of the resulting microparticles or the distribution 
of sizes obtained. As a consequence, use of dynamic mixing also presents 
problems when preparing microparticles containing biological or 
pharmaceutical agents on a production or commercial scale. Particularly, 
production equipment includes a costly emulsion tank, including equipment to 
stir or agitate the fluids. One of the controlling factors for overall process 
time is the time required to form a uniform emulsion. Increased batch sizes 
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in larger tanks require a longer time to form the emulsion, resulting in a 
longer overall production process time. Longer exposure times of the active 
agent to process solvents and polymers in solution can lead to degradation or 
deactivation of the active agent. Scale-up to a production process from a 
laboratory emulsion process is particularly difficult for microencapsulation of 
biological or pharmaceutical agents since, as the batch and tank size are 
increased, stir speeds and viscosities within the larger tank have to be 
empirically determined, and optimized, by trial and error at each stage of the 
scale-up. This process is not only time consuming, but imprecise. 

Accordingly, one advantage of preparing microparticles using a static 
mixer is that accurate and reliable scaling from laboratory to commercial batch 
sizes can be done while achieving a narrow and well defined size distribution 
of microparticles containing biologically or pharmaceutical^ active agents. 
A further advantage of this method is that the same equipment can be used to 
form microparticles containing active agents of a well defined size distribution 
for varying batch sizes. Yet another advantage of the method is that high 
quality microparticles having a high concentration of active agent can be 
obtained using a single step to remove solvent without the need for a two-step 
solvent removal process as described in the above-mentioned Tice et al. patent 
(U.S. 4,389,330). In addition to improving process technology, static mixers 
are low maintenance, their small size requires less space than dynamic mixers, 
they have low energy demands, and comparatively low investment costs. 

Static or motionless mixers consist of a conduit or tube in which is 
received a number of static mixing elements. Static mixers provide uniform 
mixing in a relatively short length of conduit, and in a relatively short period 
of time. With static mixers, the fluid moves through the mixer, rather than 
some part of the mixer, such as a blade, moving through the fluid. Flow 
through one type of static mixer is illustrated in Figure 1. A pump (not 
shown) introduces a stream of one or more fluids into a static mixer 10 as 
shown generally at 1. The stream is split and forced to opposite outside walls 
as shown generally at 2. A vortex is created axial to the centerline of static 
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mixer 10, as shown generally at 3. The vortex is sheared and the process 
recurs, but with the opposite rotation, as shown generally at 4. The 
clockwise/counter-clockwise motion ensures a homogeneous product. 

One example of a static mixer is shown in Figure 2. Static mixer 10 
5 includes a number of stationary or static mixing elements 14 arranged in a 

series within a conduit or pipe 12. The number of elements can range from 
4 to 32 or more. Conduit 12 is circular in cross-section and open at opposite 
ends 18 and 20 for introducing and withdrawing fluids. Mixing element 14 
comprises segments 142. Each segment 142 consists of a plurality of 

10 generally flat plates or vanes 144. The two substantially identical segments 

142 are preferably axially staggered with respect to each other. A static mixer 
as shown in Figure 2 is more fully described in U.S. Patent No. 4,511,258 
which is incorporated herein by reference. 

When using a static mixer to form an emulsion, a variety of factors 

15 determine emulsion droplet size. These factors include the density and 

viscosity of the various solutions or phases to be mixed, volume ratio of the 
phases, interfacial tension between the phases, static mixer parameters (conduit 
diameter; length of mixing element; number of mixing elements), and fluid 
velocity through the static mixer. Temperature is a variable because it affects 

20 density, viscosity, and interfacial tension. The primary controlling variable 

is fluid velocity. Shear rate and pressure drop per unit length of static mixer 
are also important parameters. Particularly, droplet size decreases as fluid 
velocity increases and alternatively, droplet size increases as fluid velocity 
(and pressure drop) decreases. Droplets will reach an equilibrium size after 

25 moving through a fixed number of elements for a given flow rate. The higher 

the flow rate, the fewer elements needed. Because of these relationships, 
scaling from laboratory batch sizes to commercial batch sizes is reliable and 
accurate, and the same equipment can be used for laboratory and commercial 
batch sizes. 

30 In a process of the present invention, the organic phase and the 

aqueous phase are pumped so that the two phases flow simultaneously through 
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a static mixer, thereby forming an emulsion which comprises microparticles 
containing the active agent encapsulated in the polymeric matrix material. The 
organic and aqueous phases are pumped through the static mixer into a large 
volume of quench liquid. The quench liquid may be plain water, a water 
solution, or other suitable liquid. Organic solvent may be removed from the 
microparticles while they are washing or being stirred in the quench liquid. 
The process of the present invention, whereby organic and aqueous phases are 
pumped through a static mixer into a quench liquid for solvent removal, 
results in the formation of high quality microparticles having a high 
concentration of active agent without the need for the two-step solvent removal 
process described in the above-mentioned Tice et al. patent (4,389,330). 
After the microparticles are washed in a quench liquid to extract or remove 
the organic solvent, they are isolated, as through a sieve, and dried. 

In another process of the present invention, the organic phase is 
comprised of a polymer solution and an active agent which may be suspended 
as a dry powder or dissolved in an aqueous solution and emulsified. The 
polymer is dissolved in an appropriate organic solvent, preferably a non- 
halogenated solvent such as ethyl acetate. The organic phase is combined with 
a non-solvent in a static mixer where coacervation or precipitation of the 
polymer droplets around the active agent particles or droplets, i.e., phase 
separation, takes place. The residence time of the solvent and non-solvent 
flowing through the static mixer is an important factor in the process. The 
residence time can be altered by changing the dimensions of the mixing 
elements and conduit as well as the linear velocities of the solutions flowing 
through the static mixer. Other important factors that may affect the formation 
of microspheres are the density and viscosity of the two phases to be mixed, 
the volume ratio of the phases, and the interfacial tension between the phases. 
The size control of the microspheres, however, is determined primarily by the 
size and uniformity of the initial suspension or emulsion of the active agent in 
the organic phase. 
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A laboratory set up for carrying out a static mixer process is illustrated 
in Figure 3. An organic or oil phase 30 is prepared by dissolving an active 
agent and a polymeric matrix material in a stirred pot 32. However, the 
process is not limited to preparing organic phase 30 by dissolving an active 
agent. Alternatively, organic phase 30 may be prepared by dispersing an 
active agent in a solution containing a polymeric matrix material. In such a 
dispersion, the active agent is only slightly soluble in organic phase 30. 
Alternatively, organic phase 30 may be prepared by preparing an emulsion 
containing an active agent and a polymeric matrix material (double emulsion 
process). In the double emulsion process, a primary emulsion is prepared that 
contains an active agent and a polymeric matrix material (organic phase 30). 
The primary emulsion may be a water-in-oil emulsion, an oil-in-water 
emulsion, or any suitable emulsion. The primary emulsion (organic phase 30) 
and an aqueous phase are then pumped through a static mixer to form a 
second emulsion that comprises microdroplets containing the active agent 
encapsulated in the polymeric matrix material. An example of preparing 
microparticles containing an active agent using the double emulsion process 
of the present invention is provided below as Example 8. 

Organic phase 30 is pumped out of stirred pot 32 by a magnetically 
driven gear pump 34. However, it is understood that any suitable pumping 
means may be used. The discharge of pump 34 feeds a n Y" connection 36. 
One branch 361 of "Y" connection 36 returns to pot 32 for recirculation flow. 
The other branch 362 feeds into an in-line static mixer 10. Aqueous or water 
phase 40 is prepared in like manner, with a stirred pot 42, a magnetically 
driven gear pump 44, and a T" connection 46. One branch 461 of "Y" 
connection 46 returns to pot 42 for recirculation flow. The other branch 462 
feeds into in-line static mixer 10. 

Branches 362 and 462 from each solution, which feed in-line static 
mixer 10, are joined by another "Y" connection 50 and feed through mixer 
inlet line 51 into static mixer 10. Static mixer 10 discharges through mixer 
outlet line 52 into wash tank 60. Silicone tubing and polypropylene fittings 
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are used in the system illustrated in Figure 3. Silicone tubing having 3/8 inch 
ID is used for all lines except mixer outlet line 52. Smaller diameter tubing 
(3/16 inch ID) is used for mixer outlet line 52 to- prevent collapse of the 
emulsion both in mixer outlet line 52 and upon entering wash tank 60. 
5 In one embodiment of the process, pumps 34 and 44 are started in 

recirculation mode and desired flow rates are set for organic phase 30 and 
water phase 40. The flow rate of water phase 40 is preferably greater than the 
flow rate of organic phase 30. However, the two flow rates may be 
substantially the same. The ratio of the flow rate of water phase 40 to the 

10 flow rate of organic phase 30 is preferably in the range of 1:1 to 10:1. "Y" 

connection 46 is then switched so that water phase 40 flows through branch 
462 to static mixer 10. Once water phase 40 fills mixer inlet line 51, static 
mixer 10, and mixer outlet line 52; "Y" connection 36 is switched so that 
organic phase 30 flows through branch 362 to static mixer 10. Organic phase 

15 30 and aqueous phase 40 at this point flow simultaneously through static mixer 

10. When the desired amount of organic phase has been pumped to static 
mixer 10, "Y" connection 36 is switched to recirculation through branch 361. 
Water phase 40 continues to flow for a "short time to clean out any organic 
phase remaining in mixer inlet line 51, static mixer 10, and mixer outlet line 

20 52. "Y" connection 46 is then switched to recirculation through branch 461. 

Organic phase 30 and aqueous phase 40 are mixed in static mixer 10 
to form an emulsion. The emulsion formed comprises microdroplets 
containing active agent encapsulated in a polymeric matrix material. The 
microdroplets are stirred in wash tank 60 which contains a quench solution in 

25 order to remove the organic solvent from the microdroplets resulting in the 

formation of hardened microparticles. The microparticles are then isolated 
from the aqueous quench solution by any convenient means of separation; the 
fluid can be decanted from the microparticles or the microparticle suspension 
can be filtered or a sieve column can be used. Various other combinations of 

30 separation techniques can be used, if desired. The microparticles are then 
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dried using conventional drying techniques, and further size isolation may be 
carried out. 

Following the movement of the microdroplets from the static mixer and 
entrance into the wash tank, the continuous-phase processing medium is 
diluted and the remainder of the solvent in the microparticles is removed by 
extraction. In this extractive quench step, the microparticles can be suspended 
in the same continuous-phase processing medium used during emulsification, 
with or without hydrophilic colloid or surfactant, or in another liquid. The 
extraction medium removes the solvent from the microparticles, but does not 
dissolve them. During the extraction, the extraction medium containing 
dissolved solvent can, optionally, be removed and replaced with fresh 
extraction medium. This is best done on a continual or continuous basis 
where the rate of extraction medium replenishment is critical. If the rate is 
too slow, active agent crystals may protrude from the microparticles or grow 
in the extraction medium. This critical rate of extraction medium 
replenishment for a given process is a variable that can be determined at the 
time the process is performed and, therefore, no precise limits for the rate 
need be predetermined. After the remainder of the solvent has been removed, 
the microparticles are isolated as stated above and are then dried by exposure 
to air or by other conventional drying techniques, such as, vacuum drying, 
drying over a desiccant, or the like. This process is very efficient in 
encapsulating an active agent since core loadings of up to about 80 wt. %, 
preferably up to about 50 wt. % can be obtained. 

One of the solvents in the blend of solvents used to form the "oil 
phase" droplets in the emulsion will be extracted more quickly than the other 
solvent, e.g., the first solvent, ethyl acetate, in the case of the preferred ethyl 
acetate/benzyl alcohol blend. Thus, high residuals of the second solvent (here, 
benzyl alcohol) are left behind. Owing to the high boiling point of benzyl 
alcohol, it is not easily removed by exposure of the microparticles to air or 
other conventional evaporative means. To overcome this, some of the more 
rapidly extracted solvent is added to the extraction medium prior to addition 
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of the emulsion. The concentration of the more rapidly extracted solvent in 
the extraction medium generally is from about 20 to about 70% of the 
saturation point of the solvent in the medium at the temperature to be used for 
the extraction. Thus, when the emulsion is added to the quench liquid, 
extraction of the more rapidly extracted solvent is retarded and more of the 
second, more slowly extracted, solvent is removed. 

The exact amount of this more-rapidly-extracted solvent "spike" is of 
importance to final microparticle quality. Too much solvent (i.e., near the 
saturation point) results in porous microparticles with active agent visible on 
the surface, causing what may be an undesirable high rate of release. Too 
little solvent in the extraction medium results in high residuals of the more 
slowly extracted solvent and poor microparticle quality. The temperature of 
the extraction medium is also important as it affects solvent solubility and rate 
of extraction. 

Both temperature and amount of solvent spike may be adjusted to 
provide the final desired product characteristics, i.e., highly porous, quick 
releasing microparticles or slow releasing microparticles having a low 
porosity. 

The quench liquid may be plain water, a water solution, or other 
suitable liquid, the volume, amount, and type of which depends on the solvents 
used in the emulsion phase. The quench liquid preferably is water. 
Generally, the quench liquid volume is on the order of 10 times the saturated 
volume (i.e., 10 times the quench volume needed to absorb completely the 
volume of solvent in the emulsion). Depending on the solvent system, 
however, quench volume can vary from about 2 to about 20 times the 
saturated volume. Additionally, it is convenient to describe the quench 
volume requirement relative to batch size (microparticle product). This ratio 
is an indication of efficiency of the extraction step and, in some cases, dictates 
the batch size for a given set of equipment. The larger the ratio, the more 
volume is required per product weight. On the other hand, with a smaller 
ratio, more product may be obtained from the same amount of quench volume. 
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This ratio may vary from about 0. 1 to about 10 liters of quench volume per 
gram of microparticles produced. Processes with a ratio of less than about 1 
liter per gram are preferred. 

When using the preferred solvent combination of benzyl alcohol and 
ethyl acetate, the ethyl acetate of the quench liquid appears to affect the 
residual solvent level in the product microparticles. At low ethyl acetate 
contents in the quench liquid, the benzyl alcohol residuals in the microparticles 
are high while ethyl acetate may be almost non-detectable. At high ethyl 
acetate contents in the quench liquid, 5-7% by weight or more, more ethyl 
acetate may be retained by the microparticles than benzyl alcohol. At a 
quench volume of about 1 liter per gram of active agent and polymeric 
encapsulating material being quenched, about 3-4 weight percent ethyl acetate 
in the quench liquid is optimal at 0-4°C. The coreload of the microparticles 
varies slightly with changes in ethyl acetate concentration in the quench liquid, 
decreasing with high and low concentrations of ethyl acetate. In vitro release 
rates from the microparticles vary substantially as the ethyl acetate content of 
the quench liquid is varied. In the case of NET, quicker release of NET is 
observed at the extreme ethyl acetate contents. Observation with a scanning 
electron microscope shows the presence of NET and pores on the 
microparticle surface when extremes of ethyl acetate are present in the quench 
liquid. 

Altering the volume of the quench liquid also has a profound effect on 
the relative amount of solvent residuals in the microparticles. At low 
volumes, the ratio of benzyl alcohol to ethyl acetate is high and decreases to 
less than one as quench volume is increased to about 1.5 L per gram of active 
agent and polymeric encapsulating material being quenched. The rate of 
active agent release from the product microparticles is markedly high. (At 
0.125 L quench liquid per gram of solution of NET and polymeric 
encapsulating material, scanning electron micrographs show that the product 
microparticles are extremely porous. From 0.25 to 1.5 L quench liquid per 
gram of solution of NET and polymeric encapsulating material, the NET 
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release rate from the product microparticles varies slightly with a possible 
minimum at 1 L quench liquid per gram of NET and polymeric encapsulating 
material being-quenched.) 

The process of the present invention whereby microparticles are 
prepared using a static mixer can be carried out for a variety of techniques 
used to encapsulate active agents. The process of the present invention is not 
limited to the solvent extraction technique discussed above, but can be used 
with other encapsulation techniques. For example, the process of the present 
invention can also be used with a phase separation encapsulation technique. 
To do so, an organic phase is prepared that comprises an active agent 
suspended or dispersed in a polymer solution. The non-solvent second phase 
is free from solvents for the polymer and active agent. A preferred non- 
solvent second phase is silicone oil. The organic phase and the non-solvent 
phase are pumped through a static mixer into a non-solvent quench liquid, 
such as heptane. The semi-solid particles are quenched for complete 
hardening and washing. Examples of using such a process are provided below 
as Examples 11-14. 

The microparticle product is usually made up of particles of a spherical 
shape, although sometimes the microparticles may be irregularly shaped. The 
microparticles can vary in size, ranging from submicron to millimeter 
diameters. Preferably, microparticles of 1 - 500 microns, more preferably, 
25-180 microns, are prepared, whereby administration of the microparticles 
to a patient can be carried out with a standard gauge needle. 

Preferably, the drug loaded microparticles are dispensed to patients in 
a single administration, releasing the drug in a constant or pulsed manner into 
the patient and eliminating the need for repetitive injections. 

The active agent bearing microparticles are obtained and stored as a 
dry material. Prior to administration to a patient, the dry microparticles can 
be suspended in an acceptable pharmaceutical liquid vehicle, such as, a 2.5 wt. 
% solution of carboxymethyl cellulose, whereupon the suspension of 
microparticles is injected into the body. 
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The microparticles can be mixed by size or by type so as to provide for 
the delivery of active agent to the patient in a multiphasic manner and/or in 
a manner that provides different active agents to the patient at different times, 
or a mixture of active agents at the same time. For example, secondary 
antibiotics, vaccines, or any desired active agent, either in microparticle form 
or in conventional, unencapsulated form can be blended with a primary active 
agent and provided to the patient. 

Suitable active agents include estrogens such as diethyl stilbestrol, 17- 
beta-estradiol, estrone, ethinyl estradiol, mestranol, and the like; progestins 
such as norethindrone, norgestryl, ethynodiol diacetate, lynestrenol, 
medroxyprogesterone acetate, dimesthisterone, megestrol acetate, 
chlormadinoneacetate, norgestimate, norethisterone, ethisterone, melengestrol, 
norethynodrel and the like; and spermicidal compounds such as 
nonylphenoxypolyoxyethyleneglycoi, benzethonium chloride, chlorindanoland 
the like. 

Other biologically active agents that can be incorporated using the 
process of the present invention include gastrointestinal therapeutic agents such 
as aluminum hydroxide, calcium carbonate, magnesium carbonate, sodium 
carbonate and the like; non-steroidal antifertility agents; parasympathomimetic 
agents; psychotherapeutic agents; risperidone; major tranquilizers such as 
chlorpromazine HC1, clozapine, mesoridazine, metiapine, reserpine, 
thioridazine and the like; minor tranquilizers such as chlordiazepoxide, 
diazepam, meprobamate, temazepam and the like; rhinological decongestants; 
sedative-hypnotics such as codeine, phenobarbital, sodium pentobarbital, 
sodium secobarbital and the like; steroids such as testosterone and testosterone 
propionate; sulfonamides; sympathomimetic agents; vaccines; vitamins and 
nutrients such as the essential amino acids; essential fats and the like; 
antimalarials such as 4-aminoquinolines, 8-aminoquinolines, pyrimethamine 
and the like, anti-migraine agents such as mazindol, phentermine and the like; 
anti-Parkinson agents such as L-dopa; antispasmodics such as atropine, 
methscopolamine bromide and the like; antispasmodics and anticholinergic 
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agents such as bile therapy, digestants, enzymes and the like; antitussives such 
as dextromethorphan, noscapine and the like; bronchodilators; cardiovascular 
agents such as anti-hypertensive compounds, Rauwolfia alkaloids, coronary 
vasodilators, nitroglycerin, organic nitrates, pentaerythritotetranitrate and the 
5 like; electrolyte replacements such as potassium chloride; ergotalkaloids such 

as ergotamine with and without caffeine, hydrogenated ergot alkaloids, 
dihydroergocristine methanesulfate, dihydroergocornine methanesulfonate, 
dihydroergokroyptine methanesulfate and combinations thereof; alkaloids such 
as atropine sulfate, Belladonna, hyoscine hydrobromide and the like; 

10 analgetics; narcotics such as codeine, dihydrocodienone, meperidine, morphine 

and the like; non-narcotics such as salicylates, aspirin, acetaminophen, 
d-propoxyphene and the like; antibiotics such as the cephalosporins, 
chloranphenical, gentamicin, Kanamycin A, Kanamycin B, the penicillins, 
ampicillin, streptomycin A, antimycin A, chloropamtheniol, metronidazole, 

15 oxytetracycline penicillin G, the tetracyclines, and the like; anti-cancer agents; 

anti-convulsants such as mephenytoin, phenobarbital, trimethadione; anti- 
emetics such as thiethylperazine; antihistamines such as chlorophinazine, 
dimenhydrinate, diphenhydramine, perphenazine, tripelennamine and the like; 
anti-inflammatory agents such as hormonal agents, hydrocortisone, 

20 prednisolone, prednisone, non-hormonal agents, allopurinol, aspirin, 

indomethacin, phenylbutazone and the like; prostaglandins; cytotoxic drugs 
such as thiotepa, chlorambucil, cyclophosphamide, melphalan, nitrogen 
mustard, methotrexate and the like; antigens of such microorganisms as 
Neisseria gonorrhea, Mycobacterium tuberculosis, Herpes virus (humonis, 

25 types 1 and 2), Candida albicans, Candida tropicalis, Trichomonas vaginalis, 

Haemophilus vaginalis, Group B Streptococcus ecoli, Microplasma hominis, 
Hemophilus ducreyi, Granuloma inguinale, Lymphopathia venereum, 
Treponema pallidum, Brucella abortus, Brucella melitensis, Brucella suis, 
Brucella cams, Campylobacter fetus, Campylobacter fetus intestinalis, 

30 Leptospira pomona, Listeria monocytogenes, Brucella ovis, Equine herpes 

virus 1, Equine arteritis virus, IBR-IBP virus, BVD-MB virus, Chlamydia 
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psittaci, Trichomonas foetus, Toxoplasma gondii, Escherichia coli, 
Actinobacillus equuli, Salmonella abortus ovis, Salmonella abortus equi, 
Pseudomonas aeruginosa, Corynebacterium equi, Corynebacterium pyogenes, 
Actinobaccilus seminis, Mycoplasma bovigenitatiwn, Aspergillus fumigatus, 
Absidia ramosa, Trypanosoma equiperdum, Babesia cdballi, Clostridium 
tetania and the like; antibodies that counteract the above microorganisms; and 
enzymes such as ribonuclease, neuramidinase, trypsin, glycogen 
phosphorylase, sperm lactic dehydrogenase, sperm hyaluronidase, 
adenosinetriphosphatase, alkaline phosphatase, alkaline phosphatase esterase, 
amino peptidase, trypsin, chymotrypsin, amylase, muramidase, acrosomal 
proteinase, diesterase, glutamic acid dehydrogenase, succinic acid 
dehydrogenase, beta-glycophosphatase, lipase, ATP-ase alpha-peptate gamma- 
glutamylotranspeptidase, sterol-3-beta-oWehydrogenase, and DPN-di-aprorase. 

Still other macromolecular bioactive agents that may be chosen for 
incorporation include, but are not limited to, blood clotting factors, 
hemopoietic factors, cytokines, interleukins, colony stimulating factors, growth 
factors, and analogs and fragments thereof. 

The following examples further describe the materials and methods 
used in carrying out the invention. The examples are not intended to limit the 
invention in any manner. 

Example 1 Preparation of 30%, 33%, and 50% Theoretically Loaded 
Norethindrone Microparticles 

A 1 kg batch of 30% norethindrone loaded microparticles is prepared 
using a % n diameter x 12 element static mixer (Koflo, M/N:%-TU-3-12RH- 
11, Koflo Corp., Cary, Illinois). The polymer/drug solution (organic phase) 
is prepared as follows. 329 gm norethindrone USP is dissolved in a heated 
(65-70°C) solution of 770 gm Medisorb® 85: 15 dl PLGA (Inherent Viscosity 
(IV) =0.65 dl/gm) in 2.2 kg ethyl acetate NF and 2.2 kg benzyl alcohol NF. 
The solution is filtered (0.2 fim) and maintained at 65-70°C. The process 
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water solution (aqueous phase) is prepared as follows. 150 gm of polyvinyl 
alcohol (PVA - Du Pont Elvanol® 51-05) is added to 27.27 kg of WFI (Water 
For Injection) and heated (65-70°C) until dissolved, and then filtered (0.2/im). 
To this solution, 810 gm of filtered (0.2pim) benzyl alcohol and 1770 gm of 
filtered (0.2j*m) ethyl acetate are added. The solution is maintained at 65- 
70°C. The quench solution is prepared as follows: 26.25 kg of ethyl acetate 
NF (0.2/im filtered) is dissolved in 750 liters of cold WFI and maintained at 
2-4°C. 

The organic phase is pumped through the static mixer at a flow rate of 
909 cc/min, and the aqueous phase at a flow rate of 4500 cc/min into the 
quench solution. After 1 hour of quench, the material is passed through 90 
and 25 fim screens. The 25-90 /xm portion is vacuum dried with agitation for 
36 hours at ambient temperature. The process yield is 650 gm of 
norethindrone loaded microparticles. 

A 1 kg batch of 33% norethindrone loaded microparticles. is prepared 
using a % M diameter x 12 element static mixer (Koflo, M/N:%-TU-3-12RH- 
11, Koflo Corp., Gary, Illinois). The polymer/drug solution (organic phase) 
is prepared as follows. 363 gm norethindrone USP is dissolved in a heated 
(65-70°C) solution of 737 gm MEDISORB® 85: 15 dl PLGA (IV=0.62 dl/gm) 
in 2.2 kg ethyl acetate NF and 2.2 kg benzyl alcohol NF. The solution is 
filtered (0.2 fim) and maintained at 65-70°C. The process water solution 
(aqueous phase) is prepared as follows. 150 gm of PVA (Du Pont Elvanol® 
51-05) is added to 27,27 kg of WFI and heated (65-70°C) until dissolved, and 
then filtered (0.2/xm). To this solution, 810 gm of filtered (0.2/xm) benzyl 
alcohol and 1770 gm of filtered (0.2/tm) ethyl acetate are added. The solution 
is maintained at 65-70°C. The quench liquid is prepared as follows. 750 
liters of 3.5% ethyl acetate NF (0.2/um filtered) is dissolved in WFI and 
maintained at 2-4°C. 

The organic phase is pumped through the static mixer at a flow rate of 
909 cc/min, and the aqueous phase at a flow rate of 4500 cc/min into the 
quench liquid. After 1 hour of quench, the material is passed through 90 and 
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25 fim screens. The 25-90 /xm portion is vacuum dried with agitation for 36 
hours at ambient temperature. The process yield is 630 gm of norethindrone 
loaded microparticles. 

A 1 kg batch of 50% norethindrone loaded microparticles is prepared 
using a diameter x 12 element static mixer (Koflo, M/N:%-TU-3-12RH- 
11, Koflo Corp., Cary, Illinois). The polymer/drug solution (organic phase) 
is prepared as follows. 546 gm norethindrone USP is dissolved in a heated 
(65-70°C) solution of 550 gm MEDISORB® 85:15 dl PLGA (a copolymer of 
85 mole % lactic acid and 15 mole % glycolic acid, poly(lactide-co-glycolide)) 
(IV =0.62 dl/gm) in 2.2 kg ethyl acetate NF and 2.2 kg benzyl alcohol NF. 
The solution is filtered (0.2 ^m) and maintained at 65-70°C. The process 
water solution (aqueous phase) is prepared as follows. 150 gm of PVA (Du 
Pont ElvanoP 51-05) is added to 27.27 kg of WFI and heated (65-70°C) until 
dissolved, and then filtered (0.2jxm). To this solution, 810 gm of filtered 
(0.2jim) benzyl alcohol and 1770 gm of filtered (0.2/im) ethyl, acetate are 
added. The solution is maintained at 65-70°C. The quench solution is 
prepared as follows: 26.25 kg of ethyl acetate NF (0.2/im filtered) is 
dissolved in 750 liters of cold WFI and maintained at 2-4°C. 

The organic phase is pumped through the static mixer at a flow rate of 
909 cc/min, and the aqueous phase at a flow rate of 4500 cc/min into the 
quench solution. After 1 hour of quench, the material is passed through 90 
and 25 fim screens. The 25-90 fim portion is vacuum dried with agitation for 
36 hours at ambient temperature. The process yield is 685 gm of 
norethindrone loaded microparticles. 

The 30% and 50% loaded particles were then used to prepare two 
65 mg (NET) formulations for injecting into baboons. Baboon Formulation 1 
consisted of 35% of the 50% loaded particles and 65% of the 30% loaded 
particles. Baboon Formulation 2 consisted of 50 % of each of the 30 % loaded 
and 50% loaded particles. Time release data for Baboon Formulations 1 and 
2 are shown in Figure 4. 
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Example 2 Preparation of 35% Theoretically Loaded Risperidone 
Microparticles (Batch Prodex 2) 

First, the aqueous phase (solution A) is prepared by weighing and 
mixing 906. 1 g 1 % polyvinyl alcohol) (Vinol 205, Air Products and Chemical 
Inc., Allentown, PA), 29.7 g benzyl alcohol (J.T. Baker, Phillipsburg, NJ) 
and 65.3 g ethyl acetate (Fisher Scientific, Fair Lawn, NJ). Then the organic 
phase (solution B) is prepared by dissolving 29.3 g of high viscosity 75:25 dl 
(polylactide-co-glycolide), (Medisorb Technologies International, L.P., 
Cincinnati, OH) in 108.7 g ethyl acetate and 108.4 g benzyl alcohol. Once 
the polymer is completely dissolved, 15.7 g risperidone base (Janssen 
Pharmaceutica, Beerse, Belgium) is added and dissolved in the polymer 
solution. The exposure time of the dissolved risperidone with the polymer is 
kept to a minimum (<10 minutes). Solutions A and B are then pumped 
through a 1/4 inch diameter static mixer (Cole Parmer L04667-14) via a gear 
drive pump and head (Cole-Parmer L07 149-04, L07002-16) at flow rates of 
198 and 24 mL/minute, respectively, into a quench medium (wash) composed 
of 55 liters of water for injection containing 1,276.0 g of ethyl acetate, 92.3 
g (0.02 Molar) of anhydrous sodium bicarbonate, and 116.2 g (0.02 Molar) 
of anhydrous sodium carbonate (Mallinckrodt Specialty Chemicals, Paris, KY) 
at 11°C. The microparticles are allowed to stir in this first wash for 1 and % 
hours, then isolated by sieving with a 25 micron sieve. The product retained 
by the sieve is transferred to a second 20-liter wash of WFI at 13 °C. After 
stirring in the second wash for 2 and 1/4 hours, the microparticles are isolated 
and size fractionated by sieving through a stainless-steel sieve column 
composed of 25 and 180 micron mesh sizes. The microparticles are dried 
overnight, then collected and weighed. 
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Example 3 Preparation of 40% Theoretically Loaded Risperidone 
Microparticles (Batch Prod ex 3) 

First, the aqueous phase (solution A) is prepared by weighing and 
mixing 904.4 g 1% polyvinyl alcohol), (Vinol 205, Air Products and 
Chemical Inc., Allentown, PA), 30.1 g benzyl alcohol (J.T. Baker, 
Phillipsburg, NJ), and 65.8 g ethyl acetate (Fisher Scientific, Fair Lawn, NJ) 
Then the organic phase (solution B) is prepared by dissolving 27.1 g of high 
viscosity 75:25 dl (polylactide-co-glycolide), (Medisorb Technologies 
International, L.P., Cincinnati, OH) in 99.3 g ethyl acetate and 99.1 g benzyl 
alcohol. Once the polymer is completely dissolved, 18.1 g risperidone base 
(Janssen Pharmaceutica, Beerse, Belgium) is added and dissolved in the 
polymer solution. The exposure time of the dissolved risperidone with the 
polymer is kept to a minimum (< 10 minutes). Solutions A and B are then 
pumped through a l A inch diameter static mixer (Cole-Parmer L04667-14) via 
a gear drive pump and head (Cole-Parmer L07 149-04, L07002-16) at flow 
rates of 198 and 24 mL/minute, respectively, and into a quench medium 
(wash) composed of 55 liters of water for injection containing 1,375.6 g of 
ethyl acetate, 92.4 g (0.02 Molar) of anhydrous sodium bicarbonate, and 
116.6 g (0.02 Molar) of anhydrous sodium carbonate (Mallinckrodt Specialty 
Chemicals, Paris, KY) at 12°C. The microparticles are allowed to stir in this 
first wash for 2 hours, then isolated by sieving with a 25 micron sieve. The 
product retained by the sieve is transferred to a second 20-liter wash of WFI 
at 12°C. After stirring in the second wash for 3 hours, the microparticles are 
isolated and size fractionated by sieving through a stainless-steel sieve column 
composed of 25 and 180 micron mesh sizes. The microparticles are dried 
overnight, then collected and weighed. 
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Ex ample 4 Lyophilizjation and Gamma Irradiation of Microparticles from 
Batches Prodex 2 and Prodex 3 (Samples Prodex 4A, Prodex 
4B, and Prodex 4C) 



Microparticles from batches Prodex 2 and Prodex 3 were lyophilized 
5 as follows. The microparticles were weighed into 5 cc serum vials. Then an 

aqueous vehicle composed of 0.75% CMC, 5% Mannitol, and 0.1% Tween 
80 was added to the vials. The microparticles were suspended in the vehicle 
by agitation, then quickly frozen in a dry ice/acetone bath. The vials were 
then lyophilized in a pilot-scale lyophilizer (Dura Stop Microprocessor 
10 Control, FTS Systems, Inc., Stone Ridge, N.Y.) employing a ramped 30°C 

maximum temperature cycle for 50 hours. Samples Prodex 4 A and Prodex 4C 
were lyophilized samples from Prodex 2 and Prodex 3, respectively. Sample 
Prodex 4B was lyophilized from Prodex 2 that had been subsequently sterilized 
by 2.2 MRad gamma irradiation from a *°Co source. 

15 In Vitro Dissolution Studies 



In vitro dissolution studies were conducted on Prodex 2, Prodex 3, 
Prodex 4A, Prodex 4B, and Prodex 4C. Real time and accelerated 
methodologies were used. The equipment consisted of a Hanson research 
6-cell USP paddle (Method II) dissolution apparatus interfaced with a 
20 spectrophotometer and data station. Receiving media were continuously 

recirculated from each cell to flow cells inside the spectrophotometer. The 
absoibance of the receiving media was monitored at 236 nm for quantification 
of risperidone. 

The real time model measured the release rates of microparticles into 
25 a receiving medium consisting of 50mM tris buffer at pH 7.4 at 37°C. 

Risperidone was found to have sufficient solubility (>0.5mg/mL) to allow in 
vitro experiments with this receiving medium. The amount of risperidone was 
kept below 20% of saturation to provide infinite sink conditions. Data are 
shown in Figures 5 and 6. 
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An accelerated model was also developed. A receiving medium of 
27.5 wt% ethanol in WFI was used. Results are shown in Figure 7. 

Animal Dosing and Blood Sampling 

In vivo studies in dogs were conducted on product provided as dry 
microparticles (Prodex 2, Prodex 3) and in lyophilized form (Prodex 4A, 
Prodex 4B, Prodex 4C). The dry microparticles were syringe-loaded and 
resuspended in the syringe with an injection vehicle comprised of 2.5 wt% 
carboxymethyl cellulose (CMC). The lyophilized samples (Prodex 4 A, Prodex 
4B, Prodex 4C) were reconstituted in WFI prior to injection. 

Male and female dogs, weighing 11.6 ±2.3 kg, were divided into 
groups of three dogs each. The dogs were housed in groups of three and fed 
according to standard laboratory conditions. 

The appropriate volumes of the respective depot formulations were 
dosed intramuscularly into the biceps femoralis of the left hind limb at the 
level of the thigh of the dogs at a dose of approximately 2.5 mg/kg 
risperidone. 

Blood samples (5 ml on EDTA) were taken from one of the jugular 
veins at 0 (predose), 1,5, and 24 hours after dosing and also on days 4, 7, 
11, 14, 18, 23, 25, 28, 32, 35, 39, 42, 46, 49, 53, and 56 at the time of the 
apomorphine vomiting test. The apomoiphine test was described by P.AJ. 
Jans sen and CLE. Niemegeers in Arzneim.-Forsch. (Drug Res.), 9:765-767 
(1959). If, during the course of the experiments, each of the three dogs of a 
group no longer showed protection against apomorphine-induced vomiting, 
blood sampling was discontinued. Blood samples were centrifuged at 3000 
rpm for 10 min and plasma was separated. The plasma samples were stored 
at <20°C until analysis. 

Plasma samples were analyzed for risperidone (RISP) and for 
9-hydroxyrisperidone (9-OH RISP) using radioimmunoassay (RIA). For the 
plasma samples analyzed with RIA, two different RIA procedures were used, 
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one for unchanged risperidone and the other for the active moiety (sum of 
risperidone and 9-hydroxy-risperidone, not to be confused with the term 
"active agent" used elsewhere herein). For the latter plasma samples, the 
concentrations of 9-hydroxy-risperidone were calculated as the difference 
between the concentrations of the active moiety and those of risperidone. The 
quantification limits for the RIA methods were 0.20 ng/ml for risperidone and 
0.50 ng/ml for the active moiety. 

For each of the formulations, mean (±S.D., n=3) plasma 
concentrations of risperidone, 9-hydroxy-risperidone, and of the active moiety, 
were calculated. Ratios of the plasma concentrations of 9-hydroxy-risperidone 
to those of risperidone were calculated where possible. Peak plasma 
concentrations and peak times of risperidone, 9-hydroxy-risperidone, and their 
sum were determined by visual inspection of the data. AUC ("area under the 
curve") values of risperidone and 9-hydroxy-risperidone were calculated 
between zero time and time using the trapezoidal rule. The time t is the last 
time point at which concentrations of risperidone or 9-hydroxy-risperidone 
were higher than the limit of quantification in at least 1 out of 3 dogs. For 
dogs belonging to the same formulation group, AUCs were calculated up to 
the same end-time t, using the value of the quantification limit, if one 
concentration was lower than the quantification limit. If two consecutive 
concentrations were lower than the quantification limit, the concentration of 
the earlier sampling point was set equal to the quantification limit, and the 
concentration of the later sampling point was taken as zero. The AUCs were 
not extrapolated to infinity. The AUC of the active moiety was calculated as 
the sum of the AUCs of risperidone and 9-hydroxy-risperidone. 

Mean or median plasma concentrations and/or pharmacokinetic 
parameters of risperidone, 9-hydroxy-risperidone, and the active moiety for 
formulations Prodex 2/3/4 A/4B/4C, are given in Table 1. Mean plasma 
concentration-time curves for formulations Prodex 2/3/4A/4B/4C are shown 
in Figure 8. For each of the formulation groups, results are first discussed for 
risperidone, then for 9-hydroxy-risperidone, and last for the active moiety. 
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For the active moiety, plasma concentrations are related to the anti-emetic 
effect in the apomorphine vomiting test. 

After administration of formulations Prodex 2 up to Prodex 4C, mean 
peak plasma levels of risperidone were low. They were attained at largely 
different time points. The further release of risperidone from the different 
formulations proceeded gradually and was long-lasting. This resulted in low 
plasma concentrations of both risperidone and its metabolite. Mean peak times 
for 9-hydroxy-risperidone all ranged from 26 to 30 days. The plasma 
concentration-time profile of the active moiety was similar for formulations 
Prodex 2 up to Prodex 4C. At the beginning of the experiment, plasma 
concentrations of the active moiety showed a peak within 1 or 2 days, due to 
a rapid initial release of risperidone. The peak was followed by a decrease of 
the concentrations with a dip at 5-8 days. From day 8 on, concentrations 
increased again until day 20, after which time they remained at a more or less 
constant level during a period of, on average, 15 days. During this period, 
for each of the formulations, concentrations of the active moiety showed a 
second peak and concentrations were higher than for the first peak. The anti- 
emetic activity lasted 35 to 42 days for formulations Prodex 2, Prodex 4A, 
and Prodex 4B. For formulation Prodex 4C, it lasted 49 days, but without 
interruption in any of the dogs. The longest activity of formulation Prodex 4C 
paralleled the highest C^, T^, and AUCo. t for the active moiety, in 
comparison with the other 4 formulations of the same group. 

The duration of action of these microparticle-based risperidone 
formulations in the apomorphine-induced emesis test in dogs was also studied. 
Neuroleptics antagonized apomorphine-induced emesis by blocking dopamine 
D 2 receptors in the area postrema of the fourth ventricle. The test is generally 
used to predict the onset and duration of antipsychotic action of neuroleptics 
in man (Janssen et al. 9 Arzneim.-ForschJDrug Res. 70:1196-1206 (1965); 
Niemegeers et al. 9 Ufe Sd. 24:2201-2216 (1979)). 9-OH-risperidone has a 
pharmacological profile that is virtually identical to that of its parent 
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compound. Parent compound and active metabolite constitute together the 
"active moiety" that determines the biological activity of risperidone. 

Apomorphine was administered subcutaneously -at 0.31 mg/kg to the 
dogs twice a week, during the whole course of the experiment. The dogs 
were observed for vomiting during a 1-hour period after the administration of 
apomorphine. Complete absence of emesis for 1 hour after apomorphine 
challenge was considered to reflect significant anti-emetic activity. The 
duration of the anti-emetic action was defined as the time interval during 
which 2 out of 3 dogs were protected from emesis. 

The formulations were injected in a volume of 0.5 mL into the biceps 
femoralis of one of the hind limbs at the level of the thigh. At several time 
intervals after the intramuscular injection, blood samples were taken and, 
immediately thereafter, the dogs were challenged with a dose of apomorphine. 
Complete absence of emesis within 1 h after apomorphine challenge (which is 
never observed in control animals; n>1000) was considered to reflect 
significant antiemetic activity. 

Table 2 indicates whether the dogs were protected (+) or not protected 
(-) from apomorphine-induced emesis at the various time intervals after 
intramuscular injection of the depot formulations. All formulations showed an 
immediate onset of anti-emetic action. 
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3) or median plasma concentrations and mean (±S.D.; n=3) pharmacokinetic parameters of 
oxy-nspendone and their sum (= the "active moiety") after intramuscular administration of 
armulafions at 2.5 me/kg to beaele does. 


Prodex 4C 


9-OH RISP 
95.4 ±41.7 
30 ±2 
46840 ± 19125 
56 


RISP + 9-OH RISP 


108 ± 44 
30 ±2 
54264 + 22055 


* Median value. 

** No bipod sampling from day .14 until day 25 of the experiment^ due to absence of protection against apomorphine-induced 
vomiting. Concentrations in italics indicate antiemetic activity in at least 2 out of 3 docs . 


RISP 
16.3 ± 6.6 
0.097 ± 0.096 
7424 ± 3018 
56 


■ 


9-OH RISP 
42.6 ± 27.3 

26 ± 2 
15656 ± 8104 
46 


RISP + 9-OH RISP 


48.5 ± 29.8 

26 ± 2 
18311 + 9222 


Prode: 


RISP 
7.71 ± 4.23 

24 ± 5 
2648 ± 1199 
46 


Table 1 Mean (+S.D.; n=: 
risperidone, 9-hydr 
risneridone deoot fi 




Time (days) 
Cmax (ng/ml) 
Tmax (days) 
AUCO-t (ng.h/ml) 
t fdavs) 




Cmax (ng/ml) 
Tmax (days) 
AUCO-t fng.h/mn 
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Example 5 Preparation of 20% and 30% Theoretically Loaded Estradiol 
Benzoate Microparticles 

Table 3 shows the particle size distribution for experimental trials for 
20% and 30% loaded microparticles. The particle size distribution is also 
shown in Figure 9 which depicts the cumulative percent by microparticle size 
("Volume Percent Greater") for one batch of 20% loaded microparticles. 
Figure 10 depicts the percent differential by microparticle size ("Volume 
Differential n ) for one batch of 20% loaded microparticles. From this data, it 
can be seen that increasing the flow rate decreased particle size. No 
significant difference was seen between 12 and 24 element mixers. Increasing 
the aqueous or water phase:organic phase ratio narrows particle size 
distribution. Good microparticles were produced in the transitional flow 
range, Reynolds Number (Re) of 2000-4000. 

Additional batches of 20% and 30% loaded microparticles were 
subsequently prepared. A 7 kg batch of 20% drug loaded microparticles was 
prepared using a l A n diameter x 24 element static mixer (Cole-Parmer 
polypropylene disposable 04667, Cole-Parmer Instrument Company, Chicago, 
Illinois). The organic phase was comprised of 4.0% estradiol benzoate (active 
agent), 16.0% 85: 15 dl PLGA (a copolymer of 85 mole % lactic acid and 15 
mole % glycolic acid, polylactide-co-glycolide) and 80.0% ethyl acetate at 60- 
70°C. The water phase was comprised of 1.0% polyvinyl alcohol, 5.0% ethyl 
acetate, and 94.0% water at 60-70°C. The organic phase flow rate and the 
water phase flow rate were the same at 1 100 ml/min. A Cole-Parmer 6231-26 
pump with a 7001-80 head was used for both the organic phase and water 
phase. The resulting particle size distribution was 15% < 25 ftm, 14% 25-45 
/im, 56% 45-90 /zm, 12% 90-150 /xm, and 3% > 150 /xm. 

A 5 kg batch of 30% drug loaded microparticles was prepared using 
l h* diameter x 24 element static mixer and 3/8 w diameter x 11, 12, and 24 
element static mixer (Cole-Parmer disposable). The organic phase was 
comprised of 4.3% estradiol benzoate (active agent), 10.0% 85:15 dl PLGA, 
and 85.7% ethyl acetate at 60-70°C. The same water phase was used as in 
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the 20% loaded microparticles. The organic phase flow rate was 880 ml/min 
and the water phase flow rate was 1650 ml/min. The resulting particle size 
distribution was 44% < 25 /xm, 31 % 25-45 /im, and 25% > 45 jon. 

Estradiol benzoate loaded microparticles were weighed into 
conventional syringes and administered to young Holstein bull calves at a dose 
of 40 mg of active drug per animal. The microparticles were suspended in an 
aqueous carboxymethyl cellulose vehicle and injected at the base of the ear. 
Serum was collected and estradiol levels determined by radioimmunoassay; the 
results are shown in Figure 11. 
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Table 3 

Experimental Trials With Inline Static Mixers 
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Example 6 Preparation of 40% Theoretically Loaded Trenbolone Acetate 
Microparticles 

Nine batches of trenbolone acetate (TBA) microparticles were prepared 
by using a static mixer. Microparticles containing 40% TBA and 5% 
5 butylated hydroxytoluene (BHT, used as an antioxidant) were prepared by the 

following procedure. PLGA (molar ratio of D, L-lactide to glycolide: 85 : 
15, molecular weights by GPC: Mw=86,810; Mn=36,417), TBA, and BHT 
were dissolved in ethyl acetate (EtOAc) at 55 °C. (ratio of EtOAc to PLGA: 
10 - 20 : 1), EtOAc was heated to 55°C and PLGA was added to EtOAc 

10 under fast stirring. After the polymer was dissolved, BHT and then TBA 

were dissolved in the polymer solution. Simultaneously, poly(vinyl alcohol) 
(PVA) water solution (3 wt. %) spiked with EtOAc (ratio of PVA solution to 
EtOAc: 10 : 1) was charged to a jacketed flask and heated to 55°C. When the 
temperature of the polymer-drug solution (organic phase) and PVA solution 

15 (aqueous phase) were constant, the polymer-drug solution and PVA solution 

were pumped separately to a static mixer (1 cm in diameter arid 12 cm in 
length). The static mixer was manufactured by Cole-Parmer, model number 
6-04667-06, and contained 12 mixing elements. The flow rate ratio of 
polymer-drug solution to PVA solution was varied from 1 : 1.2 to 1 : 2. The 

20 ratio of quenching water to EtOAc was 100-150 : 1. Quench water 

temperature was approximately 1°C. After being washed for 6 hours, the 
microparticles were sieved through a sieve column (25 ftm, 90 ftm 7 150 /xm, 
and 212 /xm), and then dried. 

Particle size distribution of one batch of microparticles is depicted in 

25 Figure 12. 

Example 7 Preparation of 46% Theoretically Loaded Testosterone 
Microparticles 

A 1 kg batch of 46% testosterone loaded microparticles is prepared 
using a % n diameter x 12 element static mixer (Koflo, M/N:%-TU-3-12RH- 
30 11, Koflo Corp., Cary, Illinois). The polymer/drug solution (organic phase) 
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is prepared as follows. 506 gm of Testosterone USP is dissolved in a heated 
(65-70°C) solution of 594 gm of Medisorb® 75:25 dl PLGA (a copolymer of 
75 mole % lactic acid and 25 mole % glycolic acid, polylactide-co-glycolide) 
(IV=0.68 dl/gm) in 3.683 kg ethyl acetate NR The solution is filtered (0.2 
fim) and maintained at 65-70°C. The process water solution (aqueous phase) 
is prepared as follows. 52 gm of PVA (Du Pont El vanol® 51-05) is added to 
9.75 kg of WFI and heated (65-70°C) until dissolved, and then filtered 
(0.2/xm). To this solution is added 626 gm of filtered (0.2 /xm) ethyl acetate 
NF. The solution is maintained at 65-70°C. The quench liquid is comprised 
of 750 liters WFI, maintained at 0-4 °C. 

The organic phase is pumped through the static mixer at a flow rate of 
2150 cc/min, and the aqueous phase at a flow rate of 4300 cc/min. After 1 
hour of quench, the material is passed through 45 and 150/*m screens. The 
45-150/xm portion is vacuum dried with agitation for 36 hours at ambient 
temperature. The process yield is 875 gm of testosterone loaded 
microparticles. 

The 46% loaded microparticles were used to prepare 125-mg 
testosterone doses (suspension filled and lyophilized) which were administered 
to baboons. Time release data are shown in Figure 13. 

Example 8 Preparation of 1.7% Theoretically Loaded rgp 120 
Microparticles 

A 10 gm batch of 1.7% rgp 120 (a glycoprotein) loaded microparticles 
is prepared using a V4" diameter x 5 element static mixer (Koch, V4" SMV- 
DY; V4" Dia, 5 elements, 316SS, Koch Engineering Company, Inc., Wichita, 
KS). The polymer/drug solution (organic phase) is prepared as follows. A 
primary emulsion is made by adding 3cc of 56 mg/ml rgpl20 in Tris buffer 
(20mM Tris, 120mM NaCl, pH 7.4) to 10 gm of Medisoib, 65:35 dl PLGA 
(a copolymer of 65 mole % lactic acid and 35 mole % glycolic acid, 
polylactide-co-glycolide) (IV =0.61) in 47 gm of ethyl acetate. The emulsion 
is formed by sonication (Vibra cell sonicator, 600 watt, 20 sec, 50% power 
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with l A" probe). The emulsion is maintained at 0-4°C. The process water 
solution (aqueous phase) is prepared as follows. 225 gm of PVA (Air 
Products, Vinol 205) is added to 2025 gm of WFI, and heated (65-70°C) until 
dissolved. To this solution, 250 gm of ethyl acetate is added. The solution 
is maintained at 0-4°C. The quench liquid is comprised of 12 liters of water, 
maintained at 0-4°C. 

The organic phase is pumped through the static mixer at a flow rate of 
40 cc/min, and the aqueous phase at a flow rate of 1500 cc/min. After 1 hour 
of quench, the microparticles are passed through 150 and 20 /im screens. The 
20-150 pm portion is washed with 13 liters of 0.1% Tween 20 solution at 0- 
4°C and then lyophilized. The process yield is 3.09 gm of rgp 120 loaded 
microparticles. 

Example 9 Preparation of 60% Theoretically Loaded Ivermectin 
Microparticles 

To prepare a 35 g batch of 60% theoretically loaded ivermectin 
microparticles, the dispersed phase (Solution A) is prepared by dissolving 
21.03 g of ivermectin in 116.72 g of polymer solution comprised of 9.5% 
65:35 dl (polylactide-co-glycolide), (Medisorb Technologies International, 
L.P., Cincinnati, OH) and 90.5% ethyl acetate (Fisher Scientific, Fair Lawn, 
NJ) at 52°C. Then 1300 g of the continuous phase (solution B) comprised of 
1% poly (vinyl alcohol), (Vinol 205, Air Products and Chemical Inc., 
Allentown, PA) and 99% WFI is weighed out and heated to 52°C. Then 
solutions A and B are pumped through the static mixer (Cole-Parmer part 
number L04667-14) via a gear drive pump and head (Cole-Parmer L07 149-04, 
L07002-16) at flow rates of 88 and 165 ml/minute, respectively, and into a 
quench liquid composed of 35 liters CWFI (Cold Water For Injection) at 8°C. 
The microparticles are allowed to stir for about 20 minutes, then isolated by 
sieving the quench through a 25 /xm sieve. The product retained by the sieve 
is transferred to a wash of 20 liters stirring CWFI at 8°C. After stirring for 
2 hours, the microparticles are isolated and size fractionated by sieving the 
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wash through 25 and 212 micron sieves. The microparticles are air-dried 
overnight and collected. 

Example 10 Preparation of 60% Theoretically Loaded Bupivacaine Base 
Microparticles 

An excess of the aqueous continuous phase is prepared by adding 216. 1 
g ethyl acetate (Fisher Scientific, Fair Lawn, NJ) to 3780.3 g of a 5% aqueous 
poly (vinyl alcohol) solution (Vinol 205, Air Products and Chemical Inc., 
Allentown, PA) and adjusting to pH 8.5 with IN NaOH at ambient 
temperatures. The organic phase is then prepared by dissolving 8.05 g low 
viscosity 50:50 dl polylactide-co-glycolide (a copolymer of 50 mole % lactic 
acid and 50 mole % glycolic acid) (Medisorb Technologies International, 
L.P.), and 12.05g bupivacaine base (Aceto Corporation, Lake Success, NY) 
in 92.1 g ethyl acetate at room temperature. The aqueous and organic 
solutions are then simultaneously pumped through a 24 element, 1/4" diameter 
static mixer (Cole-Parmer L04667) via gear drive pumps and heads (Cole- 
Parmer L07 144-05, pump; L07002-16, head, aqueous; L07002-26 head, 
organic) at flow rates of 233 and 116 ml/minute, respectively, into a quench 
liquid of 12 liters of water for injection adjusted to pH 8.5 at room 
temperature. The microparticles are stirred in the quench water for 1 hour 
then isolated by sieving through 25, 45, and 90 fim mesh stainless steel sieves. 
The microparticles are air dried overnight and protected from light prior to 
weighing. 

Example 11 Preparation of 17.5% Theoretically Loaded Pig Albumin 
Microspheres 

A 2 gm batch of pig albumin loaded microspheres was prepared using 
a 1/2" diameter X 12" long static mixer. The polymer/drug solution (organic 
phase) was prepared as follows: 1.65 gm of Medisorb 75:25 dl PLGA 
(Inherent Viscosity, 0.65 dl/g) was dissolved in 70 gm of ethyl acetate. The 
concentration of polymer in the organic phase was 2.36%. 0.35 gm of 
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micronized pig albumin (Sigma, lot # 95F-9358) was suspended in the polymer 
solution by 2 X 10 seconds of sonication (Tekmar Sonication Disruptor, Model 
350 with microtip). A uniform and fine dispersion was produced. The 
suspension was poured into a 50 ml reactor equipped with an outlet valve at 
the bottom. Mixing was initiated with a turbine 6-blade propeller at 
approximately 700 rpm. A peristaltic pump was connected to the outlet of the 
reactor to pump the organic phase at a rate of 7.0 g/min into the static mixer. 
Another peristaltic pump was set to feed 350 cs silicone oil (Dow Corning, 
Lot # HH121209) at a rate of 9.0 g/min into the inlet of the static mixer. 

The silicone oil flow was started first and the organic phase followed 
approximately 2-5 seconds later. In a quench tank, 1.2 L of heptane (Chem 
Pure, Lot # M138KLAP) was stirred at a moderate speed using an air-driven 
impeller. The outlet line of the static mixer was placed 1/2 M below the surface 
of the heptane. At completion of transfer of the organic phase through the 
static mixer, 8-10 g of ethyl acetate was used to flush the remaining organic 
phase from the mixer. The silicone oil flow was maintained during this 
rinsing period. The semi-solid microparticles were quenched in heptane for 
1.5 hours at room temperature for complete hardening and washing. 
Microspheres were then collected by vacuum filtration using a Versapor-3000- 
membrane filter, 3 fi pore size (Gelman). The collected microspheres were 
washed on the filter with 300 ml of fresh heptane and were transferred to a 
vacuum desiccator for further drying. The process yielded 1.91 g of pig 
albumin loaded microspheres. Microparticles were mostly spherical and in a 
25-200 ft (micron) size range. 

A second formulation was prepared which showed that a shorter static 
mixer (1/2" diameter X 6" long) can be used with a lower total flow rate. 
The organic phase flow rate was 6.5 g/min into the static mixer, as opposed 
to 7.0 g/min in the first formulation. The silicone oil flow rate was 8.8 
g/min, as opposed to 9.0 g/min in the first formulation. However, the ratio 
of organic phase flow rate to silicone oil flow rate is approximately the same 
in the second formulation as in the first formulation. The solid yield of this 
formulation was 90%. 
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Example 12 Preparation of 10.0% Theoretically Loaded rBo Interferon-ct 
Microspheres 

A 1.89 g batch of rBo Interferon-a (recombinant bovine Interferon 
alpha) loaded microparticles was prepared using a 1/2" X 12" static mixer. 
The concentration of polymer (75:25 dl PLGA dissolved in ethyl acetate) in 
the organic phase was 2.70%. The protein was dissolved in 0.5 ml of water 
for injection and was emulsified in the polymer solution by sonication to form 
the organic phase (polymer/active agent phase). The emulsion was poured 
into a reactor and the microsphere preparation was performed in like manner 
to Example 11. The organic phase flow rate was 6.6 g/min and the silicone 
oil flow rate was 10.9 g/min. The semi-solid microparticles were quenched 
in 1.0 L of heptane for 1.5 hours. 

Example 13 Preparation of 17.5% Theoretically Loaded HSA Microspheres 

A batch of HSA (human serum albumin) loaded microspheres was 
prepared using a 1/2 w X 6" static mixer. The concentration of polymer (75:25 
dl PLGA dissolved in ethyl acetate) in the organic phaise was 2.36%. An 
inner water phase of 1.0 ml was used to completely dissolve the protein. The 
dissolved protein was emulsified in the polymer solution by sonication to form 
the organic phase. To maintain the required residence time to induce 
coacervation by the non-solvent (silicone oil) in a shorter flow path of 6", a 
lower total flow rate was used. The organic phase flow rate was 4.9 g/min 
and the silicone oil flow rate was 5.6 g/min. The lower total flow rate 
resulted in a solids yield of 65% for this sample. The ratio of silicone oil flow 
rate to organic phase flow rate in this sample was slightly lower than in the 
sample prepared in Example 12, 1.1 as compared with 1.4. The semi-solid 
microspheres were quenched in 0.8 L of heptane for 1.5 hours. Since less 
non-solvent (silicone oil) was used, less heptane (second non-solvent) was 
required. 
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Example 14 Preparation of 10.0% Theoretically Loaded Pig Albumin 
Microspheres 

This formulation was prepared similar to the one in Example 12, using 
pig albumin as the model protein (active agent to be encapsulated). The total 
flow rate of the two phases in the static mixer was lower in this sample; the 
organic phase flow rate was 6.0 g/min and the silicone oil flow rate was 8.8 
g/min. The microspheres were quenched in 1.2 L of heptane for 1.5 hours. 
A total solids yield similar to Example 13 was achieved for this formulation. 

The characteristics of the formulations for Examples 11-14 are 
summarized in Table 4. 
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Example 15 

An 85:15 D,L-lactide/glycolic acid copolymer (10.6 g) and 
norethindrone USP (9.4 g) were sequentially dissolved in a 50:50 (weight) 
blend of ethyl acetate and benzyl alcohol (80 g) ("oil phase")- Once dissolved, 
the solution was transferred to a 500 g emulsion bath mixture at 60-65° C 
composed of 0.5 weight percent poly (vinyl alcohol) (Vinol 205, Air Products, 
having a number average molecular weight of 15,000 to 27,000 and a degree 
of hydrolysis of 87-89%), 5.9 weight percent ethyl acetate, 2.7 weight percent 
benzyl alcohol, and 90.9 weight percent water, contained in a 1000 mL 
jacketed beaker equipped with a turbine stirrer and a thermostatic heater. This 
emulsion bath mixture approximated a saturated solution for both ethyl acetate 
and benzyl alcohol at 60°C. During emulsion formation, extraction of solvent 
from the "oil phase" can thus be prevented and any time effect during this step 
minimized. The stir speed was adjusted to provide for an oil droplet size of 
approximately 90 fim. The resulting emulsion was transferred to a chilled (2- 
4°C) water tank containing various amounts of water and ethyl acetate, as 
reported in Figures 14 and 15. After one hour, the microparticles were 
collected on a sieve stack (25, 45, 63 and 90 fim) and allowed to dry 
overnight under a hood. The next day the microparticles were blended 
(15%:25-45 /im; 50%:45-63 fim; and 35%:63-90 fim) and sampled. The 
results are reported in Figures 14 and 15. 

Example 16 

Example 15 is repeated except that the size of the "oil phase" solution 
of NET and polymer is 5 g in each case, the emulsification bath is 300 mL of 
water containing 0.5 wt % of the polyvinyl alcohol) used in Example 15. 
The results are reported in Table 5. 
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Example 17 

A 20 gram batch of testosterone-loaded microparticles was made as 
follows: 10.8 g of the polymer-of Example 15 and 9.2 g of testosterone were 
dissolved in 67 g of a 75:25 blend of ethyl acetate and benzyl alcohol and 
heated to approximately 65 °C. The solution was then transferred to a 500 g 
aqueous mixture of 0.5% polyvinyl alcohol) and 6.5% ethyl acetate in a 1000 
mL jacketed glass reaction vessel equipped with a turbine stirrer. Stir speed 
was adjusted to approximately 245 rpm. After five minutes, the emulsion was 
transferred to a chilled (0 - 4°C) tank containing 20 liters of water spiked with 
ethyl acetate at a 5 % concentration. After one hour, the microparticles were 
recovered on a 25 and 150 micron sieve stack and allowed to dry overnight 
under a laboratory hood. The next day, the microparticles on the 25 micron 
screen were recovered and sampled. The product contained 39.7% 
testosterone, 3.67% ethyl acetate, and 0.89% benzyl alcohol. An accelerated 
in vitro release model indicated 15% of the drug was released after 18 hours 
in the receiving fluid. 

While various embodiments of the present invention have been 
described above, it should be understood that they have been presented by way 
of example only, and not limitation. Thus the breadth and scope of the 
present invention should not be limited by any of the above described 
exemplary embodiments, but should be defined only in accordance with the 
following claims and their equivalents. 
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What Is Claimed Is: 



1. A method of preparing microparticles, comprising: 

preparing a first phase, said first phase comprising an active 
agent and a polymer; 
5 preparing a second phase; 

preparing a quench liquid; and 

pumping said first phase and said second phase through a static 
mixer into said quench liquid thereby forming microparticles containing said 
active agent. 

10 2. The method of claim 1, wherein said first phase and said second phase 

are substantially immiscible. 

3. The method of claim 1, wherein said second phase is free from 
solvents for said polymer. 

4. The method of claim 2, further comprising: 

15 configuring said static mixer with a plurality of static mixing 

elements received within a conduit. 

5. The method of claim 2, wherein said pumping step is performed 
wherein said first phase is pumped at a first flow rate and said second phase 
is pumped at a second flow rate greater than said first flow rate. 

20 6. The method of claim 2, wherein said step of preparing said first phase 

further comprises: 

dissolving said active agent in a solution containing said 

polymer. 



BNSDOCID: <WO 9513799A1J_> 



m 



WO 95/13799 ^ PCT/US94/13453 

-63- 

7. The method of claim 2, wherein said step of preparing said first phase 
further comprises: 

preparing a dispersion comprising said active agent, 

8. The method of claim 2, wherein said step of preparing said first phase 
5 further comprises: 

preparing an emulsion comprising said active agent. 

9. The method of claim 2, wherein said step of preparing said first phase 
further comprises: 

dissolving polylactide-co-glycolide in ethyl acetate to form a 
10 polymer solution; and 

dissolving trenbolone acetate in said polymer solution. 

10. The method of claim 2, wherein said step of preparing said first phase 
further comprises: 

dissolving polylactide-co-glycolide in ethyl acetate to form a 
15 polymer solution; and 

dissolving testosterone in said polymer solution. 

11. The method of claim 2, wherein said step of preparing said first phase 
further comprises: 

dissolving polylactide-co-glycolide in ethyl acetate to form a 
20 polymer solution; and 

dissolving estradiol benzoate in said polymer solution. 

12. The method of claim 3, wherein said step of preparing said first phase 
further comprises: 

preparing a dispersion comprising said active agent. 
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13. The method of claim 3, wherein said step of preparing said first phase 
further comprises: 

dissolving said active agent. 

14. The method of claim 3, wherein said active agent is hydrophilic. 

5 15. The method of claim 3, wherein said second phase comprises an 

aqueous solution of an emulsifier. 

16. The method of claim 3, wherein said second phase comprises silicone 
oil. 

17. The method of claim 3, wherein said step of preparing said first phase 
10 further comprises: 

preparing an emulsion comprising said active agent. 

18. The method of claim 3, wherein said active agent comprises a protein. 

19. The method of claim 3, wherein said active agent comprises human 
serum albumin. 

15 20. The method of claim 3, wherein said active agent comprises pig 

albumin. 

21. The method of claim 3, wherein said active agent comprises 
recombinant bovine interferon-alpha. 

22. A method for preparing biodegradable microparticles comprising: 
20 A. preparing a first phase comprising a biodegradable polymeric 

encapsulating binder and an active agent dissolved or dispersed 
in a blend of at least two mutually miscible organic solvents 
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free from halogenated hydrocarbons and having limited water 
solubility, 

B. preparing a second phase comprising an aqueous solution of 

(1) a hydrophilic colloid or 

(2) a surfactant, 

C. combining said first phase and said second phase under the 
influence of mixing means to form an emulsion in which said 
first phase is discontinuous and said second phase continuous, 
and 

D. isolating said discontinuous first phase in the form of 
microparticles. 

23. The method of claim 22 further comprising the step of extracting 
residual solvent from said microparticles of step D. 

24. The method of claim 22 wherein said biodegradable polymeric 
encapsulating binder is selected from the group consisting of poly(glycolic 
acid), poly-D,L-lactic acid, poly-Hactic acid, copolymers of the foregoing, 
poly(aliphatic carboxylic acids), copolyoxalates, polycaprolactone, 
polydioxonene, poly(ortho carbonates), poly(acetals), poly (lactic acid- 
cap rolactone), polyorthoesters, poly(glycolic acid-cap rolactone), 
polyanhydrides, polyphosphazines, albumin, casein, and waxes. 

25. The method of claim 22 wherein one of said organic solvents is an 
ester. 

26. The method of claim 25 wherein said ester is of the structure I^COOR 2 
wherein R 1 and R 2 are independently selected from the group consisting of 
alkyl moieties of from 1 to 4 carbon atoms. 



27. The method of claim 26 wherein said ester is ethyl acetate. 
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28. The methcxl of claim 22 wherein one of said organic solvents is an 
alcohol. 

29. The method of claim 28 wherein said alcohol is of the structure 
R 3 CH 2 OH wherein R 3 is selected from the group consisting of hydrogen, alkyl 

5 of from 1 to 3 carbon atoms, and aryl of from 6 to 10 carbon atoms. 

30. The method of claim 29 wherein said alcohol is benzyl alcohol. 

31. The method of claim 22 wherein one of said organic solvents is a 
ketone. 

32. The method of claim 3 1 wherein said ketone is of the structure R 4 COR 5 
10 where R 4 is selected from the group consisting of alkyl moieties of from 1 to 

4 carbon atoms, and R 5 is selected from the group consisting of alkyl moieties 
of from 2 to 4 carbon atoms. 

33. The method of claim 32 wherein said ketone is methyl ethyl ketone. 

34. The method of claim 22 wherein said solvent blend comprises ethyl 
15 acetate and benzyl alcohol. 

35. The method of claim 22 wherein said second phase comprises a 
hydrophilic colloid. 

36. The method of claim 35 wherein said hydrophilic colloid is polyvinyl 
alcohol). 

20 37. The method of claim 22 wherein said mixing means is a static mixer. 

38. The method of claim 22 wherein said active agent is selected from the 
group consisting of risperidone, norethindrone, and testosterone. 
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A method for preparing biodegradable microparticles comprising: 

A. preparing a first phase comprising 

(1) a biodegradable polymeric encapsulating binder selected 
from the group consisting of poly(glycolic acid) r poly- 
D,L-lactic acid, poly-L-lactic acid, copolymers of the 
foregoing, poly (aliphatic carboxylic acids), 
copolyoxalates , polycaprolactone , polydioxonene, 
poly(ortho carbonates), poly(acetals), poly (lactic acid- 
caprolactone), polyorthoesters, poly(glyco!ic acid- 
caprolactone), polyanhydrides, polyphosphates, 
albumin, casein, and waxes and 

(2) an active agent dissolved or dispersed in a blend 
comprising an ester of the structure R^OOR 2 wherein 
R 1 and R 2 are independently selected from the group 
consisting of alkyl moieties of from 1 to 4 carbon atoms 
and an alcohol of the structure R 3 CH 2 OH wherein R 3 is 
selected from the group consisting of hydrogen, alkyl of 
from 1 to 3 carbon atoms, and aryl of from 6 to 10 
carbon atoms, 

said blend being free from halogenated hydrocarbons and 
having limited water solubility, 

B. preparing a second phase comprising an aqueous solution of 

(1) a hydrophilic colloid or 

(2) a surfactant, 

C. combining said first phase and said second phase under the 
influence of mixing means to form an emulsion in which said 
first phase is discontinuous and said second phase continuous, 
and 

D. isolating said discontinuous first phase in the form of 
microparticles. 
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40. The method of claim 39 further comprising the step of extracting 
residual solvent from said microparticles of step D. 

41. The method of claim 39 wherein said ester is ethyl acetate. 



42. The method of claim 39 wherein said alcohol is benzyl alcohol. 

43. The method of claim 41 wherein said alcohol is benzyl alcohol. 

44. The method of claim 39 wherein said second phase comprises a 
hydrophilic colloid. 



45. The method of claim 44 wherein said hydrophilic colloid is polyvinyl 
alcohol). 

10 46. The method of claim 39 wherein said mixing means is a static mixer. 

47. The method of claim 39 wherein said active agent is selected from the 
group consisting of risperidone, norethindrone, and testosterone. 



48. A method for preparing biodegradable microparticles comprising: 
A. preparing a first phase comprising: 
15 (1) a biodegradable polymeric encapsulating binder selected 

from the group consisting of poly(glycolic acid), poly- 
D,L-lactic acid, poly-Uactic acid, copolymers of the 
foregoing, and 

(2) an active agent selected from the group consisting of 
20 risperidone, norethindrone, and testosterone dissolved or 

dispersed in a blend comprising ethyl acetate and benzyl 
alcohol, 

said blend being free from halogenated hydrocarbons, 
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B. preparing a second phase comprising polyvinyl alcohol 
dissolved in water, 

C. combining said first phase and said second phase in a static 
mixer to form an emulsion in which said first phase is 
discontinuous and said second phase continuous, and 

D. isolating said discontinuous first phase in the form of 
microparticles. 



49. The method of claim 48 further comprising the step of extracting 
residual solvent from said microparticles of step D. 
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